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ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and the benefit

of Korean Patent Application No. 10-2021-0135420 filed on
Oct. 13, 2021, 1n the Korean Intellectual Property Oflice, the

entire disclosure of which 1s incorporated herein by refer-
ence.

BACKGROUND
1. Field

Aspects of some embodiments of the present disclosure
described herein relate to an electronic device.

2. Description of the Related Art

An electronic device may detect external inputs applied
from the outside of the electronic device. The external input
may be a user input. The user input may include various
types of external inputs from various sources such as, for
example, a part of the user’s body, light, heat, a pen, a stylus,
proximity, pressure, or the like. The electronic device may
recognize coordinates of the pen using an electromagnetic
resonance (EMR) scheme or may recognize coordinates of
the pen using an active electrostatic (AES) scheme.

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background and therefore the information discussed in this
Background section does not necessarily constitute prior art.

SUMMARY

Aspects of some embodiments of the present disclosure
described herein relate to an electronic device, and for
example, to an electronic device with relatively improved
display quality.

Aspects of some embodiments of the present disclosure
include an electronic device for enhancing a phenomenon 1n
which display quality 1s degraded due to noise associated
with an input sensor.

According to some embodiments, an electronic device
may include a display panel that displays an 1mage, an input
sensor on the display panel and to operate 1n a first mode for
detecting a first mput by an mnput device or a second mode
for detecting a second nput different from the first mput, a
panel driver that drives the display panel at a first operating,
frequency 1n a first dnving mode and drives the display
panel at a second operating frequency lower than the first
operating frequency 1n a second driving mode, and a sensor
controller that controls driving of the mput sensor.

According to some embodiments, the display panel may
display the 1image 1n units of first driving frames 1n the first
driving mode and may display the 1image 1n units of second
driving frames 1n the second driving mode.

According to some embodiments, the sensor controller
may transmit a first mode uplink signal for synchromization
with the input device to the mput sensor 1n a first scheme in
the first driving mode and may transmit a second mode
uplink signal for synchronization with the input device to the
input sensor 1n a second scheme different from the first
scheme 1n the second driving mode.

According to some embodiments, an electronic device
may include a display panel that displays an 1mage, an input
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sensor on the display panel to operate in a first mode for
detecting a first mput by an mmput device or a second mode
for detecting a second mnput different from the first mput, a
panel driver that drives the display panel at a first operating
frequency 1n a first driving mode and drives the display
panel at a second operating frequency lower than the first
operating frequency 1n a second driving mode, and a sensor
controller that controls driving of the mput sensor.
According to some embodiments, the display panel may
display the 1image 1n units of first driving frames in the first
driving mode and may display the image 1n units of second
C
C

riving frames in the second driving mode. The second
riving {rames may include k write frames and j holding
frames. Herein the k 1s an even number of 2 or more.
According to some embodiments, an electronic device
may include a display panel that displays an 1image at a first
operating frequency 1n a first driving mode and displays the
image at a second operating frequency lower than the first
operating frequency 1 a second driving mode, an input
sensor on the display panel to operate in a first mode for
detecting a first mput by an mput device or a second mode
for detecting a second mput different from the first mput, a
data driver that outputs data signals to the display panel, a
scan driver that outputs scan signals to the display panel, and
a sensor controller that controls driving of the mput sensor
and transmits an uplink signal for synchronization with the
input device during an uplink interval.
According to some embodiments, the display panel may

display the 1image 1n units of first driving frames in the first
driving mode and may display the image 1n units of second
C
C

riving frames in the second driving mode. The second
riving frames may include a first sub-irame and a plurality
of second sub-frames. At least one of the plurality of second
sub-frames may include an active interval where the scan
driver 1s activated and an 1nactive interval where the scan
driver 1s deactivated.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other characteristics and features of the
present disclosure will become more apparent by describing
in more detail aspects of some embodiments thereol with
reference to the accompanying drawings.

FIGS. 1 and 2 are perspective views illustrating an
clectronic device and an mput device according to some
embodiments of the present disclosure.

FIG. 3 1s a block diagram schematically illustrating an
clectronic device and an mput device according to some
embodiments of the present disclosure.

FIGS. 4A and 4B are cross-sectional views of an elec-
tronic device according to some embodiments of the present
disclosure.

FIG. 5 1s a cross-sectional view of an electronic device
according to some embodiments of the present disclosure.

FIG. 6 1s a block diagram of a display panel and a panel
driver according to some embodiments of the present dis-
closure.

FIG. 7 1s a conceptual diagram 1llustrating operations of
a first mode and a second mode according to some embodi-
ments of the present disclosure.

FIG. 8 15 a block diagram of an 1nput sensor and a sensor
controller according to some embodiments of the present
disclosure.

FIGS. 9A and 9B are wavelorm diagrams illustrating
uplink signals according to some embodiments of the pres-
ent disclosure.
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FIGS.10A,10B, 10C, and 10D are plan views 1llustrating,
an operation of an mnput sensor 1n a first driving mode.

FIGS. 11A and 11B are plan views illustrating an opera-
tion of an input sensor 1n a first driving mode.

FI1G. 12 1s a plan view 1illustrating an operation of an input
sensor 1 a second driving mode.

FIG. 13A 1s a waveform diagram illustrating first and
second uplink signals shown in FIG. 9A.

FIG. 13B 1s a wavelorm diagram illustrating third and
fourth uplink signals shown 1n FIGS. 9A and 9B.

FIG. 14A 1s a wavelform diagram 1illustrating a scan
control signal, a light emitting control signal, and first and
second uplink signals according to some embodiments of the
present disclosure.

FIG. 14B 1s a waveform diagram illustrating a scan
control signal, a light emitting control signal, and an uplink
signal according to some embodiments of the present dis-
closure.

FIG. 15A 1s a plan view illustrating an operation of an
input sensor in a first write frame shown 1n FIG. 14A.

FIG. 15B 1s a plan view illustrating an operation of an
input sensor 1n a second write frame shown 1n FIG. 14A.

FIG. 15C 1s a plan view illustrating an operation of an
input sensor 1n a first write frame shown i FIG. 14B.

FIG. 15D 1s a plan view 1illustrating an operation of an
iput sensor 1 a second write frame shown i FIG. 14B.

FIG. 16A 1s a wavelform diagram illustrating a scan
control signal, a light emitting control signal, and first and
second uplink signals according to some embodiments of the
present disclosure.

FIG. 16B 1s a wavelform diagram illustrating a scan
control signal, a light emitting control signal, and an uplink
signal according to some embodiments of the present dis-
closure.

FIG. 17A 1s a wavelorm diagram illustrating a scan
control signal, a light emitting control signal, and first and
second uplink signals according to some embodiments of the
present disclosure.

FIG. 17B 1s a waveform diagram illustrating a scan
control signal, a light emitting control signal, and an uplink
signal according to some embodiments of the present dis-
closure.

DETAILED DESCRIPTION

In the specification, the expression that a first component
(or region, layer, part, portion, etc.) 1s “on”, “connected
with”, or “coupled with” a second component means that the
first component 1s directly on, connected with, or coupled
with the second component or means that a third component
1s 1nterposed therebetween.

[ike reference numerals refer to like elements. Also, 1n
the drawings, the thicknesses, the ratios, and the dimensions
of the elements may be exaggerated for eflective description
of technical contents. The expression “and/or” includes one
or more combinations which associated components are
capable of defining.

Although the terms “first,” “second,” etc. may be used
herein 1n describing various elements, such elements should
not be construed as being limited by these terms. These
terms are only used to distinguish one element from another
clement. For example, a first element could be termed a
second element without departing from the scope of the
claims of the present disclosure, and similarly a second
clement could be termed a first element. The singular forms
are imtended to include the plural forms unless the context

clearly indicates otherwise.
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Also, the terms “under”, “below”, “on”, “above”, etc. are
used to describe the correlation of components 1llustrated in
drawings. These terms are relative concepts and are
described on the basis of the directions shown in the
drawings.

It will be further understood that the terms “comprises”,
“includes™, “have”, etc. specily the presence of stated fea-
tures, numbers, steps, operations, elements, components, or
a combination thereof but do not preclude the presence or
addition of one or more other features, numbers, steps,
operations, elements, components, or a combination thereof.

Unless otherwise defined, all terms (including technical
terms and scientific terms) used in the specification have the
same meaning as commonly understood by one skilled in the
art to which the present disclosure belongs. Furthermore,
terms such as terms defined in the dictionaries commonly
used should be interpreted as having a meaning consistent
with the meaning in the context of the related technology,
and should not be iterpreted in i1deal or overly formal
meanings unless explicitly defined herein.

Heremnafiter, aspects of some embodiments of the present
disclosure will be described 1n more detail with reference to
accompanying drawings.

FIG. 1 1s a perspective view illustrating an electronic
device and an mput device according to some embodiments
of the present disclosure.

Retferring to FIG. 1, an electronic device 1000 may be a
device activated according to an electrical signal. For
example, the electronic device 1000 may be, but 1s not
limited to, a mobile phone, a tablet, a car navigation system,
a game console, a wearable device, or any other suitable
clectronic device having display functionality. FIG. 1 1llus-
trates that the electronic device 1000 i1s a mobile phone.

An active area 1000A and a non-active area 1000NA may
be defined in the electronic device 1000. The electronic
device 1000 may display images at the active arca 1000A.
The active area 1000A may include a surface defined by a
first direction DR1 and a second direction DR2. The non-
active area 1000NA may surround the active area 1000A.

The thickness direction of the electronic device 1000 may
be parallel to a third direction DR3 intersecting or normal
with respect to a plane defined by the first direction DR1 and
the second direction DR2. Thus, front surfaces (or upper
surfaces) and rear surfaces (or lower surfaces) of members
making up the electronic device 1000 may be defined with
respect to the third direction DR3.

The electronmic device 1000 may detect mputs applied
from the outside of the electronic device 1000. The external
inputs may include various types of external imputs such as
a part of the body of a user, light, heat, pressure, eftc.

The electronic device 1000 shown 1n FIG. 1 may detect an
input by a touch of the user and an 1mput by an mput device
2000. The mnput device 2000 may refer to a device except for
the body of the user. The input by the input device 2000 may
be referred to as a first input, and the mput by the touch of
the user may be referred to as a second 1nput. For example,
the mnput device 2000 may be an active pen, a stylus pen, a
touch pen, or an electronic pen. Hereinafter, the case where
the mput device 2000 1s the active pen will be described as
an example.

The electronic device 1000 and the mnput device 2000 may
perform bidirectional communication. The electronic device
1000 may provide an uplink signal to the input device 2000.
For example, the uplink signal may include, but 1s not
particularly limited to, a synchronization signal or informa-
tion of the electronic device 1000. The mput device 2000
may provide a downlink signal to the electronic device 1000.
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The downlink signal may include a synchronization signal
or state information of the mput device 2000. For example,
the downlink signal may include, but i1s not particularly
limited to, coordinate information of the mnput device 2000,
battery information of the mput device 2000, slope infor-
mation of the mput device 2000, various pieces ol informa-
tion stored in the mput device 2000, and/or the like. The
uplink signal and the downlink signal will be described
below.

FIG. 2 1s a perspective view illustrating an electronic
device and an mput device according to some embodiments
of the present disclosure. In describing FIG. 2, the same
reference numerals are assigned to the same components
described with reference to FIG. 1, and thus some descrip-
tion thereol may be omitted.

Referring to FIG. 2, an electronic device 1000F (e.g., a
foldable electronic device similar to, or the same as, the
clectronic device 1000 1illustrated 1n FIG. 1) may display
images at an active area 1000AF. FIG. 2 illustrates that the
clectronic device 1000F 1s folded at a certain angle. In a state
where the electronic device 1000F 1s unfolded, the active
area 1000AF may include a plane defined by a first direction
DR1 and a second direction DR2. The electronic device
1000F may further include a non-active area 1000NAF
adjacent to the active area 1000AF.

The active area 1000AF may include a first active area
1000A1, a second active area 1000A2, and a third active
area 1000A3. The first active area 1000A1, the second active
arca 1000A2, and the third active arca 1000A3 may be
sequentially defined in the first direction DR1. The second
active area 1000A2 may be bent about a folding axis FX
extending along the second direction DR2. Thus, the first
active area 1000A1 and the third active area 1000A3 may be
referred to as non-folding areas, and the second active area
1000A2 may be referred to as a folding area.

When the electronic device 1000F 1s folded, the first
active area 1000A1 and the third active area 1000A3 may
face each other. Thus, 1n a state where the electronic device
1000F 1s fully folded, the active areca 1000AF may not be
exposed to the outside, which may be referred to as “in-
tolding”. However, this 1s merely illustrative, and the opera-
tion of the electronic device 1000F 1s not limited thereto.

For example, according to some embodiments of the
present disclosure, when the electronic device 1000F 1s
folded, the first active area 1000A1 and the third active area
1000A3 may be opposite to each other. Thus, 1n a state
where the electronic device 1000F 1s folded, the active area
1000AF may be exposed to the outside, which may be
referred to as “out-folding™.

The electronic device 1000F may perform only any one of
an 1n-folding operation or an out-folding operation. Alter-
natively, the electronic device 1000F may perform both the
in-folding operation and the out-folding operation. In this
case, the same area ol the electronic device 1000F, for
example, the second active areca 1000A2 may be folded
inwardly and outwardly.

One folding area and two non-folding areas are 1llustrated
as an example 1n FIG. 2, but the number of folding areas and
the number of non-folding areas are not limited thereto. For
example, the electronic device 1000F may include a plural-
ity of non-folding areas, the number of which 1s greater than
two, and a plurality of folding areas arranged between
non-folding areas adjacent to each other. For example,
according to some embodiments, the electronic device
1000F may include three or more non-folding areas, and two
or more folding areas arranged between the non-folding
areas.
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The case where the folding axis FX extends 1n the second
direction DR2 1s 1llustrated as an example, but embodiments
according to the present disclosure are not limited thereto.

For example, the folding axis FX may extend 1n a direction
parallel to the first direction DR1. In this case, the first active
area 1000A1, the second active area 1000A2, and the third

active area 1000A3 may be sequentially arranged along the
second direction DR2.

The active area 1000AF may be overlapped with at least
one electronic module. For example, the at least one elec-
tronic module may include a camera module, a proximity
illumination sensor, and the like. The at least one electronic
module may receive an external input delivered through the
active area 1000AF or may provide an output through the
active area 1000AF. A portion of the active areca 1000A
overlapped with the camera module, the proximity 1llumi-
nation sensor, and the like may have transmissivity higher
than another portion of the active area 1000AF. Thus, an area
where a plurality of electronic modules will be arranged 1s
not provided to the non-active areca 1000NAF. As a result,
the ratio of the area of the active area 1000AF to the front
of the electronic device 1000F may increase, and the ratio of
the area of the non-active area 1000NAF to the front of the
clectronic device 1000F may decrease.

The electronic device 1000F and an iput device 2000
may perform bidirectional communication. The electronic
device 1000F may provide an uplink signal to the input
device 2000. The input device 2000 may provide a downlink
signal to the electronic device 1000F. The electronic device
1000F may detect coordinates of the mput device 2000 using
a signal provided from the mput device 2000.

FIG. 3 1s a block diagram schematically illustrating an
clectronic device and an mput device according to some
embodiments of the present disclosure.

Referring to FIG. 3, an electronic device 1000 may
include a display panel 100, an input sensor 200, a panel
driver 100C, a sensor controller 200C, and a main controller
1000C.

The display panel 100 may be a component which gen-
erates or displays images. The display panel 100 may be a
light emitting display panel. For example, the display panel
100 may be an organic light emitting display panel, an
inorganic light emitting display panel, a quantum dot display
panel, a micro-LED display panel, or a nano-LED display
panel.

The mput sensor 200 may be located on the display panel
100. The input sensor 200 may sense an external input
applied from the outside. The mput sensor 200 may sense a
first input by the mput device 2000 and a second 1mnput by a
body (e.g., a finger, etc.) 3000 of the user.

The main controller 1000C may control the overall opera-
tion of the electronic device 1000. For example, the main
controller 1000C may control operations of the panel driver
100C and the sensor controller 200C. The main controller
1000C may include at least one microprocessor, and the
main controller 1000C may be referred to as a host.

The panel driver 100C may control the display panel 100.
The main controller 1000C may further include a graphics
controller. The panel driver 100C may receive an image
signal RGB and a first control signal D-CS from the main
controller 1000C. The first control signal D-CS may include
various signals. For example, the first control signal D-CS
may include a vertical synchronization signal, a horizontal
synchronization signal, a main clock, a data enable signal,
and the like. The panel driver 100C may generate various
control signals (e.g., a start signal and a clock signal) for
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controlling timing for providing a signal to the display panel
100 based on the first control signal D-CS.

The sensor controller 200C may control the input sensor
200. The sensor controller 200C may receive a second
control signal I-CS from the main controller 1000C. The
second control signal I-CS may include a mode determina-
tion signal for determining a driving mode of the sensor
controller 200C and a clock signal. The sensor controller
200C may operate 1n a first mode for detecting the first input
by the mput device 2000 based on the second control signal
I-CS or a second mode for detecting the second input by the
body 3000 of the user. The sensor controller 200C may
control the mput sensor 200 in the first mode or the second
mode, which will be described below, based on the mode
determination signal.

The sensor controller 200C may calculate coordinate
information of the first input or the second input based on the
signal received from the mput sensor 200 and may provide
the main controller 1000C with a coordinate signal I-SS
including the coordinate information. The main controller
1000C may execute an operation corresponding to the user
input based on the coordinate signal I-SS. For example, the
main controller 1000C may operate the panel driver 100C
such that a new application image 1s displayed on the display
panel 100 based on the coordinate signal I-SS.

The mput device 2000 may include a housing 2100, a
power source 2200, a pen controller 2300, a communication
module 2400, and a pen electrode 2500. However, the
components making up the mput device 2000 are not limited
to the listed components. For example, the input device 2000
may further include an electrode switch for converting into
a signal transmission mode or a signal reception mode, a
pressure sensor for sensing pressure, a memory for storing
certain information, a rotation sensor for sensing rotation, a
haptic feedback component (configured to, for example,
provide vibration feedback to the user), or any other suitable
functionality or component according to the design of the
input device 2000 and the electronic device 1000 (and/or the
clectronic device 1000F).

The housing 2100 may have a pen shape, and a receiving
space may be formed 1n the housing 2100. The power source
2200, the pen controller 2300, the communication module
2400, and the pen electrode 2500 may be received in the
receiving space defined in the housing 2100.

The power source 2200 may supply power to the pen
controller 2300, the communication module 2400, or the like
in the input device 2000. The power source 2200 may
include a battery or a high capacity capacitor.

The pen controller 2300 may control an operation of the
input device 2000. The pen controller 2300 may be an
application-specific imntegrated circuit (ASIC). The pen con-
troller 2300 may be configured to operate according to the
designed program.

The communication module 2400 may include a transmit
circuit 2410 and a receive circuit 2420. The transmit circuit
2410 may output a downlink signal DLS to the imnput sensor
200. The receive circuit 2420 may recerve the uplink signal
ULS provided from the input sensor 200. The transmit
circuit 2410 may receive the signal provided from the pen
controller 2300 to convert the received signal into a signal
capable of being sensed by the mput sensor 200, and the
receive circuit 2420 may modulate the signal provided from
the 1input sensor 200 into a signal capable of being processed
by the pen controller 2300.

The pen electrode 2500 may be electrically connected
with the communication module 2400. A part of the pen
clectrode 2500 may protrude from the housing 2100. Alter-
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natively, the mput device 2000 may turther include a cover
housing which covers the pen electrode 2500 exposed from
the housing 2100. Alternatively, the pen electrode 2500 may
be embedded in the housing 2100.

FIG. 4a 1s a cross-sectional view of an electronic device
according to some embodiments of the present disclosure.

Referring to FIG. 4a, an electronic device 1000 may
include a display panel 100 and an input sensor 200. The
display panel 100 may include a base layer 110, a circuit
layer 120, a light emitting element layer 130, and an
encapsulation layer 140.

The base layer 110 may be a member which provides a
base surface on which the circuit layer 120 1s located. The
base layer 110 may be a glass substrate, a metal substrate, or
a polymer substrate. However, an embodiments 1s not lim-
ited thereto, and the base layer 110 may be an inorganic
layer, an organic layer, or a composite material layer.

The base layer 110 may have a multi-layered structure.
For example, the base layer 110 may include a first synthetic
resin layer, a silicon oxide (S10x) layer located on the first
synthetic resin layer, an amorphous silicon (a-S1) layer
located on the silicon oxide layer, and a second synthetic
resin layer located on the amorphous silicon layer. The
s1licon oxide layer and the amorphous silicon layer may be
referred to as a “base barrier layer”.

Each of the first and second synthetic resin layers may
include a polyimide-based resin. Furthermore, each of the
first and second synthetic resin layers may include at least
one of an acrylate-based resin, a methacrylate-based resin, a
polyisoprene-based resin, a vinyl-based resin, an epoxy-
based resin, a urethane-based resin, a cellulose-based resin,
a siloxane-based resin, a polyamide-based resin, or a

perylene-based resin. Meanwhile, the expression “~~-based
resin” in the specification refers to including the functional
group of “~~"".

The circuit layer 120 may be located on the base layer
110. The circuit layer 120 may include an insulating layer,
a semiconductor pattern, a conductive pattern, a signal line,
and the like. An msulating layer, a semiconductor layer, and
a conductive layer may be formed on the base layer 110 1n

a scheme such as coating or deposition and may then be
selectively patterned through a plurality of photolithography
processes. Therealter, the semiconductor pattern, the con-
ductive pattern, and the signal line included in the circuit
layer 120 may be formed.

The light emitting element layer 130 may be located on
the circuit layer 120. The light emitting element layer 130
may include a light emitting element. For example, the light
emitting element layer 130 may be an organic light emitting
material, a quantum dot, a quantum rod, a micro-LED, or a
nano-LED.

The encapsulation layer 140 may be located on the light
emitting element layer 130. The encapsulation layer 140
may protect the light emitting element layer 130 from
moisture, oxygen, and foreign substances such as dust
particles.

The mput sensor 200 may be formed on the display panel
100 through consecutive processes. In this case, 1t may be
represented that the input sensor 200 1s directly located on
the display panel 100. The expression “directly located™ or
“directly arranged” may mean that a third component 1s not
located between the input sensor 200 and the display panel
100. In other words, a separate adhesive member may not be
located between the input sensor 200 and the display panel
100. Alternatively, the mput sensor 200 may be coupled to
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the display panel 100 by means of an adhesive member. The
adhesive member may include a typical adhesive or sticking
agent.

FIG. 4b 15 a cross-sectional view of an electronic device
according to some embodiments of the present disclosure.

Referring to FIG. 4B, an electronic device 1000-1 may
include a display panel 100-1 and an input sensor 200-1. The
display panel 100-1 may include a base substrate 110-1, a
circuit layer 120-1, a light emitting element layer 130-1, an
encapsulation substrate 140-1, and a coupling member 150-
1.

Each of the base substrate 110-1 and the encapsulation
substrate 140-1 may be, but are not particularly limited to,
a glass substrate, a metal substrate, a polymer substrate, or
the like.

The coupling member 150-1 may be located between the
base substrate 110-1 and the encapsulation substrate 140-1.
The coupling member 150-1 may couple the encapsulation
substrate 140-1 to the base substrate 110-1 or the circuit
layer 120-1. The coupling member 150-1 may include an
inorganic material or an organic material. For example, the
inorganic material may include a frit seal, and the organic
material may include a photo-curable material or a photo-
plastic resin. However, a material making up the coupling
member 150-1 1s not limited to the above example.

The mput sensor 200-1 may be directly located on the
encapsulation substrate 140-1. The expression “directly
located” or “directly arranged” may mean that a third
component 1s not located between the input sensor 200-1
and the encapsulation substrate 140-1. In other words, a
separate adhesive member may not be located between the
iput sensor 200-1 and the display panel 100-1. However,
embodiments according to the present disclosure are not
limited thereto, and according to some embodiments, an
adhesive layer may be further located between the input
sensor 200-1 and the encapsulation substrate 140-1.

FIG. 5 1s a cross-sectional view of an electronic device
according to some embodiments of the present disclosure. In
describing FIG. 5, the same reference numerals are assigned
to the same components described with reference to FIG.
4A, and thus some repetitive description thereol may be
omitted.

Referring to FIG. 5, at least one inorganic layer may be
formed on an upper surface of a base layer 110. The
iorganic layer may include at least one of aluminum oxide,
titanium oxide, silicon oxide, silicon oxynitride, silicon
nitride, zirconium oxide, or hainium oxide. The inorganic
layer may be formed of multiple layers. The multiple
inorganic layers may make up a barrier layer and/or a bufler
layer. According to some embodiments, a display panel 100
1s 1llustrated as including a bufler layer BFL.

The bufler layer BFL may relatively improve a bonding
force between the base layer 110 and a semiconductor
pattern. The bufler layer BFL may include a silicon oxide
layer and a silicon nitride layer, and the silicon oxide layer
and the silicon nitride layer may be alternately laminated.

The semiconductor pattern may be located on the bufler
layer BFL. The semiconductor pattern may include poly-
silicon. However, embodiments according to the present
disclosure are not limited thereto, and the semiconductor
pattern may include amorphous silicon, low-temperature
polycrystalline silicon, or oxide semiconductor.

FIG. 5 1llustrates only a portion of the semiconductor
pattern, and the semiconductor pattern may be further
located 1n other regions. Semiconductor patterns may be
arranged across pixels 1n a specific arrangement. An elec-
trical property of the semiconductor pattern may vary
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depending on whether 1t 1s doped, and the manner 1n which
it 1s doped. The semiconductor pattern may include a first
area having high conductivity and a second area having low
conductivity. The first area may be doped with an N-type
dopant or a P-type dopant. A P-type transistor may include
a doping area doped with the P-type dopant, and an N-type
transistor may include a doping area doped with the N-type
dopant. The second area may be an undoped region or may
be doped at a low concentration compared to the first area.

The first area may be greater 1n conductivity than the
second area and may substantially serve as an electrode or
a signal line. The second area may substantially correspond
to a channel area of a transistor. In other words, a part of the
semiconductor pattern may be a channel part of a transistor,
another part thereof may be a source or a drain of the
transistor, and another part thereof may be a connection
clectrode or a connection signal line.

Each of pixels may have an equivalent circuit including
seven transistors, one capacitor, and a light emitting ele-
ment, and the equivalent circuit of the pixel may be modified
in various forms. One transistor 100PC and one light emat-
ting element 100PE included 1n the pixel are illustrated as an
example 1n FIG. 5.

The transistor 100PC may include a source SC1, a chan-
nel part Al, a drain D1, and a gate G1. The source SC1, the
channel part Al, and the drain D1 may be formed from the
semiconductor pattern. The source SC1 and the drain D1
may extend 1n opposite directions from the channel part Al
on the cross-section. FIG. 5 illustrates a part of a connection
signal line SCL formed from the semiconductor pattern.
According to some embodiments, the connection signal line
SCL may be electrically connected with the drain D1 of the
transistor 100PC on the plane.

A first insulating layer 10 may be located on a bufler layer
BFL. The first insulating layer 10 may be overlapped with a
plurality of pixels 1n common and may cover the semicon-
ductor pattern. The first nsulating layer 10 may be an
iorganic layer and/or an organic layer and may have a
single- or multi-layered structure. The first insulating layer
10 may include at least one of aluminum oxide, titanium
oxide, silicon oxide, silicon nitride, silicon oxynitride, zir-
conium oxide, or hainium oxide. According to some
embodiments, the first insulating layer 10 may be a single
silicon oxide layer. As well as the first insulating layer 10, an
insulating layer of a circuit layer 120 to be described below
may be an morganic layer and/or an organic layer and may
have a single- or multi-layered structure. The mnorganic layer
may 1include, but 1s not limited to, at least one of the
materials described above.

The gate G1 may be located on the first insulating layer
10. The gate G1 may be a part of a metal pattern. The gate
(G1 may be overlapped with the channel part Al. The gate
(G1 may function as a mask in the process of doping the
semiconductor pattern.

A second msulating layer 20 may be located on the first
insulating layer 10 and may cover the gate G1. The second
insulating layer 20 may be overlapped with pixels 1n com-
mon. The second insulating layer 20 may be an 1norganic
layer and/or an organic layer and may have a single- or
multi-layered structure. The second insulating layer 20 may
include at least one of silicon oxide, silicon nitride, or silicon
oxynitride. According to some embodiments, the second
insulating layer 20 may have a multi-layered structure
including a silicon oxide layer and a silicon mitride layer.

A third mnsulating layer 30 may be located on the second
insulating layer 20. The third insulating layer 30 may have
a single- or multi-layered structure. For example, the third
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insulating layer 30 may have a multi-layered structure
including a silicon oxide layer and a silicon nitride layer.

A first connection electrode CNE1 may be located on the
third insulating layer 30. The first connection electrode
CNE1 may be connected with the connection signal line
SCL through a contact hole CNT-1 penetrating the first,
second, and third insulating layers 10, 20, and 30.

A fourth insulating layer 40 may be located on the third
insulating layer 30. The fourth insulating layer 40 may be a
single silicon oxide layer. A fifth insulating layer 50 may be
located on the fourth msulating layer 40. The fifth insulating
layer 50 may be an organic layer.

A second connection electrode CNE2 may be located on
the fifth nsulating layer 50. The second connection elec-
trode CNE2 may be connected with the first connection
clectrode CNE1 through a contact hole CNT-2 penetrating

the fourth insulating layer 40 and the fifth mmsulating layer
50.

A sixth insulating layer 60 may be located on the fifth
insulating layer 50 and may cover the second connection
clectrode CNE2. The sixth imsulating layer 60 may be an
organic layer.

A light emitting element layer 130 may be located on the
circuit layer 120. The light emitting element layer 130 may
include a light emitting element 100PE. For example, the
light emitting element layer 130 may include an organic
light emitting material, an morganic light emitting material,
a quantum dot, a quantum rod, a micro-LED, or a nano-
LED. Hereinafter, an example in which the light emitting
clement 100PE 1s an organic light emitting element will be
described, but embodiments according to the present dis-
closure are not specifically limited thereto.

The light emitting element 100PE 1includes a first elec-
trode AE, a light emitting layer EL, and a second electrode
CE. The first electrode AE may be located on the sixth
insulating layer 60. The first electrode AE may be connected
with the second connection electrode CNE2 through a
contact hole CN'T-3 penetrating the sixth insulating layer 60.

A pixel definition layer 70 may be located on the sixth
insulating layer 60 and may cover a part of the first electrode
AE. An opening 70-OP may be defined in the pixel definition
layer 70. The opening 70-OP of the pixel definition layer 70
may expose at least a part of the first electrode AFE.

An active area 1000A (refer to FIG. 1) may include a light
emitting area PXA and a non-light emitting area NPXA
adjacent to the light emitting areca PXA. The non-light
emitting arca NPXA may surround the light emitting area
PXA. According to some embodiments, the light emitting
area PX A 1s defined to correspond to a partial area of the first
clectrode AE, which 1s exposed by the opening 70-OP.

The light emitting layer EL. may be located on the first
clectrode AE. The light emitting layer ELL may be located 1n
an area corresponding to the opeming 70-OP. In other words,
the light emitting layer EL may be separately arranged in
cach of the pixels. When the light emitting layers EL are
separately arranged 1n the pixels, each of the light emitting
layers ELL may emit light of at least one of a blue color, a red
color, or a green color. However, embodiments according to
the present disclosure are not limited thereto. The light
emitting layer ELL may be connected with the pixels to be
provided in common. In this case, the light emitting layer EL
may provide blue light or may provide white light.

The second electrode CE may be located on the light
emitting layer EL. The second electrode CE may be 1n the
shape of integration and may be arranged 1n common 1n a
plurality of pixels.
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According to some embodiments, a hole control layer
may be located between the first electrode AE and the light
emitting layer EL. The hole control layer may be arranged
in common 1n the light emitting area PXA and the non-light
emitting area NPXA. The hole control layer may include a
hole transport layer and may further include a hole imjection
layer. An electron control layer may be located between the
light emitting layer ELL and the second electrode CE. The
clectron control layer may include an electron transport
layer and may further include an electron injection layer.
The hole control layer and the electron control layer may be
formed 1n common 1n the plurality of pixels using an open
mask.

The encapsulation layer 140 may be located on the light
emitting element layer 130. An encapsulation layer 140 may
include an morganic layer, an organic layer, and an inorganic
layer sequentially laminated, and layers making up the
encapsulation layer 140 are not limited thereto.

The inorganic layers may protect the light emitting ele-
ment layer 130 from moisture and oxygen, and the organic
layer may protect the light emitting element layer 130 from
foreign substances such as dust particles. The inorganic
layers may include a silicon nitride layer, a silicon oxynitride
layer, a silicon oxide layer, a titanium oxide layer, an
aluminum oxide layer, or the like. The organic layer may
include, but 1s not limited to, an acrylic-based organic layer.

The input sensor 200 may be formed on the display panel
100 through consecutive processes. In this case, it may be
represented that the mput sensor 200 1s directly located on
the display panel 100. The expression “directly located” or
“directly arranged” may mean that a third component 1s not
located between the input sensor 200 and the display panel
100. In other words, a separate adhesive member may not be
located between the input sensor 200 and the display panel
100. Alternatively, the mput sensor 200 may be coupled to
the display panel 100 by means of an adhesive member. The
adhesive member may include a typical adhesive or sticking
agent.

The mput sensor 200 may include a base insulating layer
201, a first conductive layer 202, a sensing insulating layer
203, a second conductive layer 204, and a cover insulating
layer 205.

The base isulating layer 201 may be an morganic layer
including at least any one of silicon nitride, silicon oxyni-
tride, and silicon oxide. Alternatively, the base insulating
layer 201 may be an organic layer including an epoxy resin,
an acrylic resin, or an imide-based resin. The base imsulating
layer 201 may have a single-layered structure or may be a
multi-layered structure in which a plurality of layers are
laminated along the third direction DR3.

Each of the first conductive layer 202 and the second
conductive layer 204 may have a single-layered structure or
may have a multi-layered structure 1n which a plurality of
layers are laminated along the third direction DR3.

A conductive layer of a single-layered structure may
include a metal layer or a transparent conductive layer. The
metal layer may include molybdenum, silver, titanium,
copper, aluminum, or an alloy thereof. The transparent
conductive layer may include transparent conductive oxide
such as mdium tin oxide (ITO), indium zinc oxide (1Z0),
zinc oxide (Zn0O), or indium zinc tin oxide (IZTO). In
addition, the transparent conductive layer may include con-
ductive polymer such as PEDOT, metal nanowire, graphene,
or the like.

The conductive layer of the multi-layered structure may
include metal layers. The metal layers may have, for
example, a three-layered structure of titanium/aluminum/
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titanium. The conductive layer of the multi-layered structure
may include at least one metal layer and at least one
transparent conductive layer.

At least any one of the sensing insulating layer 203 and
the cover msulating layer 205 may include an inorganic
layer. The 1norganic layer may include at least one of
aluminum oxide, titantum oxide, silicon oxide, silicon
nitride, silicon oxynitride, zircontum oxide, or hainium
oxide.

At least any one of the sensing insulating layer 203 and
the cover insulating layer 205 may include an organic layer.
The organic layer may include at least any one of an
acrylic-based resin, a methacrylic-based resin, polyisoprene,
a vinyl-based resin, an epoxy-based resin, a urethane-based
resin, a cellulose-based resin, a siloxane-based resin, a
polyimide-based resin, a polyamide-based resin, and a
perylene-based resin.

Parasitic capacitance Cb may be generated between the
input sensor 200 and the second electrode CE. The closer the
distance between the input sensor 200 and the second
clectrode CE, the more the value of the parasitic capacitance
Cb may increase. The larger the parasitic capacitance Cb, the
more the ratio of the variation 1n capacitance to a reference
value may decrease. The variation in the capacitance may
mean a change 1n capacitance, which occurs before and after
an mput by an mput means, for example, an input device
2000 (refer to FIG. 3) or a body 3000 (refer to FIG. 3) of a
user.

A sensor controller 200C (refer to FIG. 3) which pro-
cesses the signal sensed from the input sensor 200 may
perform a leveling operation for removing a value corre-
sponding to the parasitic capacitance Cb from the sensed
signal. As the ratio of the variation 1n capacitance to the
reference value may increase by the leveling operation,
sensing sensitivity may be relatively improved.

FIG. 6 1s a block diagram of a display panel and a panel
driver according to some embodiments of the present dis-
closure.

Referring to FIG. 6, a display panel 100 may include a
plurality of scan lines SLL1 to SLn, a plurality of data lines
DL1 to DLm, a plurality of light emitting control lines EL.1
to ELn, and a plurality of pixels PX. Each of the plurality of
pixels PX may be connected with a corresponding data line
among the plurality of data lines DL1 to DLm and may be
connected with a corresponding scan line among the plu-
rality of scan lines SLL1 to SLn and a corresponding light
emitting control line among the plurality of light emitting
control lines EU to ELn.

A panel driver 100C may 1nclude a signal control circuit
100C1, a scan driver 100C2, a data driver 100C3, and a light
emitting driver 100C4.

The signal control circuit 100C1 may receive an image
signal RGB and a first control signal D-CS from a main
controller 1000C (refer to FIG. 3). The first control signal
D-CS may include various signals. For example, the first
control signal D-CS may include a vertical synchronization
signal, a horizontal synchronization signal, a main clock, a
data enable signal, and the like.

The signal control circuit 100C1 may generate a scan
control signal CONT1, a data control signal CONT2, and a
light emitting control signal CONT3 based on the first
control signal D-CS. The signal control circuit 100C1 may
provide the scan control signal CONT1 to the scan driver
100C2, may provide the data control signal CONT2 to the
data driver 100C3, and may provide the light emitting
control signal CONT3 to the light emitting driver 100C4.
Furthermore, the signal control circuit 100C1 may output
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image data D-RGB, which 1s obtained by processing the
image signal RGB to swit an operating condition of the
display panel 100, to the data driver 100C3.

The scan driver 100C2 may dnive the plurality of scan
lines SLL1 to SLn in response to the scan control signal
CONT1. The scan control signal CONT1 may include a scan
start signal FLM (refer to FIG. 14A), a scan clock signal
CLK (reter to FIG. 14A), or the like. According to some
embodiments of the present disclosure, the scan driver
100C2 may be formed 1n the same process as the circuit
layer 120 (refer to FIG. 5) i the display layer 100, but
embodiments according to the present disclosure are not
limited thereto. For example, the scan driver 100C2 may be
implemented as an integrated circuit (IC) to be directly
mounted on a certain region of the display layer 100 or be
mounted on a separate printed circuit board 1n a chip on film
(COF) manner to be electrically connected with the display
panel 100.

The data driver 100C3 may output data signals for driving,
the plurality of data lines DL1 to DLm in response to the
data control signal CONT2 and the image data D-RGB from
the signal control circuit 100C1. The data driver 100C3 may
be implemented as an IC to be directly mounted on a certain
region of the display layer 100 or be mounted on a separate
printed circuit board 1n a COF manner to be electrically
connected with the display panel 100, but not particularly
limited thereto. For example, the data driver 100C3 may be
formed 1n the same process as the circuit layer 120 1n the
display panel 100.

The light emitting driver 100C4 may drive the plurality of
light emitting control lines ELL1 to ELn in response to the
light emitting control signal CONT3. The light emitting

control signal CONT3 may include a light emitting start
signal E_FLM (refer to FIG. 14A), a light emitting clock

signal E_CLK (refer to FIG. 14A), or the like. According to

some embodiments of the present disclosure, the light emit-
ting driver 100C4 may be formed 1n the same process as the
circuit layer 120 1n the display layer 100, but not limited
thereto. For example, the light emitting driver 100C4 may be
implemented as an integrated circuit (IC) to be directly

mounted on a certain region of the display layer 100 or be
mounted on a separate printed circuit board 1n a chip on film
(COF) manner to be electrically connected with the display
panel 100.

According to some embodiments of the present disclo-
sure, the light emitting driver 100C4 may have a component
independent of the scan drniver 100C2, but embodiments
according to the present disclosure are not limited thereto.
For example, the scan driver 100C2 and the light emitting
driver 100C4 may be mmplemented into one integrated
circuit.

FIG. 7 1s a conceptual diagram 1llustrating operations of
a first mode and a second mode according to some embodi-
ments of the present disclosure.

Reterring to FIGS. 3 and 7, a sensor controller 200C may
operate 1n a first mode MDJ1 for detecting a first input by an
iput device 2000 or a second mode MD2 for detecting a
second 1nput by a body 3000 of a user.

The first mode MD1 may include a first interval PU1 and
a second 1nterval PS1. The second interval PS1 may proceed
alter the first interval PU1. The first interval PU1 may be an
uplink interval where an uplink signal ULS 1s able to be
transmitted to an input sensor 200. The second interval PS1
may be a downlink interval where a downlink signal DLS
provided from the mput device 2000 1s able to be recerved
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through the mmput sensor 200. The mput sensor 200 may
sense the first mput of the input device 2000 based on the

downlink signal DLS.

The mput device 2000 may provide the downlink signal
DLS to the sensor controller 200C during the downlink
interval DLM.

The sensor controller 200C may operate 1n the second
mode MD2, after the first mode MD1 1s ended. The first

mode MD1 and the second mode MD2 may be repeated with
cach other.

The second mode MD2 may include a first interval PU2
and a second imterval PS2. The second interval PS2 may
proceed after the first interval PU2. The first interval PU2
may be an uplink interval where an uplink signal ULS 1s able
to be transmitted to the input sensor 200. The second interval

PS2 may be an interval where the second put 1s detected
by the body 3000 of the user.

The mput device 2000 may provide the input sensor 200
with a response signal to the uplink signal ULS. When
receiving the response signal sensed by the mput sensor 200
in the first interval PU1 or PU?2, the sensor controller 200C
may operate in the second interval PS1 of the first model
MD1. When not receiving the response signal {from the mput
device 2000 1n the first interval PU2, the sensor controller
200C may operate 1n the second interval PS2 of the second
model MD2. Thus, the mput sensor 200 may periodically
monitor whether there 1s sensing of the mput device 2000
and may easily sense the first input by the input device 2000.
However, this 1s merely 1llustrative, and the operation of the
clectronic device 1000 1s not particularly limited thereto.

FIG. 8 1s a block diagram of an input sensor and a sensor
controller according to some embodiments of the present
disclosure.

Referring to FIG. 8, a sensing area 200A and a non-
sensing arca 200N may be defined 1n an mput sensor 200.
The sensing area 200A may be an area which 1s activated
according to an electrical signal. For example, the sensing
area 200A may be an area where an mput 1s sensed. The
sensing area 200A may be overlapped with an active area
1000A (refer to FIG. 1) of an electronic device 1000 (refer
to FIG. 1). The non-sensing area 200N may surround the
sensing area 200A. The non-sensing area 200N may be
overlapped with a non-active area 1000NA (reter to FIG. 1)
of the electronic device 1000 (refer to FIG. 1).

The mput sensor 200 may include a plurality of transmit
clectrodes 210 and a plurality of receive electrodes 220.
Each of the plurality of transmit electrodes 210 may extend
along the first direction DR1, and the plurality of transmuit
clectrodes 210 may be arranged spaced apart from each
other 1n the second direction DR2. Each of the plurality of
receive electrodes 220 may extend along the second direc-
tion DR2, and the plurality of receive electrodes 220 may be
arranged to be spaced apart from each other in the first
direction DRI1.

The plurality of receive electrodes 220 may intersect the
plurality of transmit electrodes 210 to be nsulated. Each of
the plurality of transmit electrodes 210 and the plurality of
receive electrodes 220 may have a bar shape or a stripe
shape (e.g., elongated linearly in one direction with rela-
tively short sides 1n the perpendicular direction). The plu-
rality of transmit electrodes 210 and the plurality of receive
clectrodes 220, each of which has such a shape, may
relatively improve sensing characteristics of consecutive
linear inputs. However, the shape of each of the plurality of
transmit electrodes 210 and the plurality of receive elec-
trodes 220 1s not limited thereto.
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A sensor controller 200C may receive a second control
signal I-CS from a main controller 1000C (refer to FIG. 3)
and may provide a coordinate signal I-SS to a main con-
troller 1000C (refer to FIG. 3).

The sensor controller 200C may include a sensor control
circuit 200C1, a signal generation circuit 200C2, an 1nput
detection circuit 200C3, and a switching circuit 200C4. The
sensor control circuit 200C1, the signal generation circuit
200C2, and the mput detection circuit 200C3 may be 1mple-
mented 1n a single chip, or some of the sensor control circuit
200C1, the signal generation circuit 200C2, and the mput
detection circuit 200C3 and the others may be implemented
in different chips.

The sensor control circuit 200C1 may control operations
of the signal generation circuit 200C2 and the switching
circuit 200C4 and may calculate coordinates of an external
iput from a driving signal received from the mput detection
circuit 200C3 or may analyze information, transmitted from
an input device 2000 (refer to FIG. 3), from a modulation
signal received from the mput detection circuit 200C3. The
sensor control circuit 200C1 may define the sensing area
200A of the mput sensor 200 into a plurality of areas. The
sensor control circuit 200C1 may provide a first uplink
signal to some of the plurality of areas and may provide a
second uplink signal having a reverse phase of the first
uplink signal to the others. This will be described 1n more
detail below.

The signal generation circuit 200C2 may provide the
input sensor 200 with an output signal called a transmait
signal. The signal generation circuit 200C2 may output an
output signal matched with an operation mode to the mput
sensor 200.

The mput detection circuit 200C3 may convert an analog
type of receive signal (or sensing signal) recerved from the
input sensor 200 1nto a digital signal. The mput detection
circuit 200C3 may amplily and filter the receive signal. The
input detection circuit 200C3 may convert the subsequently
filtered signal into a digital signal.

The switching circuit 200C4 may selectively control an
clectrical connection relationship between the mput sensor
200 and the signal generation circuit 200C2 and/or the input
detection circuit 200C3 under control of the sensor control
circuit 200C1. The switching circuit 200C4 may connect a
group ol any one of the plurality of transmit electrodes 210
and the plurality of receive electrodes 220 with the signal
generation circuit 200C2 or may connect each of the plu-
rality of transmit electrodes 210 and the plurality of receive
clectrodes 220 with the signal generation circuit 200C2,
under control of the sensor control circuit 200C1. Alterna-
tively, the switching circuit 200C4 may connect one group
or all of the plurality of transmit electrodes 210 and the
plurality of receive electrodes 220 with the mput detection
circuit 200C3.

FIGS. 9A and 9B are wavelorm diagrams illustrating
uplink signals according to some embodiments of the pres-
ent disclosure. FIGS. 10A to 10D are plan views illustrating
an operation of an mput sensor 1n a first driving mode. FIGS.
11A and 11B are plan views illustrating an operation of an
input sensor in a first driving mode. FIG. 12 1s a plan view
illustrating an operation of an mput sensor in a second
driving mode. FIG. 13A 1s a wavelorm diagram illustrating
first and second uplink signals shown 1n FIG. 9A. FIG. 13B
1s a wavelorm diagram illustrating third and fourth uplink
signals shown in FIGS. 9A and 9B.

Referring to FIGS. 3, 6, and 9A, a panel driver 100C may
drive a display panel 100 at a first operating frequency 1n a
first driving mode NM and may drive the display panel 100
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at a second operating frequency in a second driving mode
LM. The second operating frequency may be lower than the
first operating frequency. For example, the second operating
frequency may be a frequency of 1 Hz, 10 Hz, 15 Hz, 30 Hz,
or 48 Hz, and the first operating frequency may be a
frequency of 60 Hz, 120 Hz, or 240 Hz. As such, an
operation mode where the operating frequency of the display
panel 100 varies may be defined as a variable frequency
mode.

In the first driving mode NM, the display panel 100 may
display a first image (e.g., a moving image or the like) during
a plurality of frames NDF1, NDF2, NDF3, and NDF4 (e.g.,
may be referred to as a “first driving frame” or a “normal
driving frame”). In the second driving mode LM, the display
panel 100 may display a second image (e.g., a still image or
the like) during a plurality of frames LDF1 and LDF2 (e.g.,
may be referred to as a “second driving frame” or a
“low-frequency driving frame”). A duration of each of the
plurality of second driving frames LDF1 and LDF2 may be
greater than a duration of each of the plurality of first driving
frames NDF1, NDF2, NDF3, and NDF4.

Each of the plurality of second driving frames LDF1 and
LDF2 may include a write frame SF1 (e.g., may be referred
to as a “first sub-frame” or a “refresh frame”) and a plurality
of holding frames SF2 (e.g., may be referred to as “second
sub-frames” or “bias frames”). According to some embodi-
ments of the present disclosure, the write frame SF1 may be
the same 1n duration as each of the plurality of first driving
frames NDF1, NDF2, NDF3, and NDF4. Each of the
plurality of holding frames SF2 may be the same 1n duration
as each of the plurality of first driving frames NDF1, NDF2,
NDF3, and NDF4 and the write frame SF1.

The duration of each of the plurality of first driving frames
NDF1, NDF2, NDF3, and NDF4, the duration of the write
frame SF1, and the duration of each of the plurality of
holding frames SF2 may be determined according to or
based on a frequency of a vertical synchronization signal
Vsync. A data driver 100C3 may apply a data signal Vdata
(e.g., may be referred to as a “normal data signal” or a *“valid
data signal”) including image information to the display
panel 100 during the write frame SF1. The data driver 100C3
may apply a data signal Vdc (e.g., may be referred to as a
“black data signal” or a “bias data signal”), which does not
include 1image information, to the display panel 100 during
cach holding frame SF2. The bias data signal Vdc may be a
data signal having a black gray scale or a low gray scale.

The sensor controller 200C may drive the iput sensor
200. According to some embodiments of the present disclo-
sure, the operating frequency of the mput sensor 200 may be
synchronized with a first operating frequency of the display
panel 100. When the driving mode of the display panel 100
switches from the first driving mode NM to the second
driving mode LM or switches from the second driving mode
LM to the first driving mode NM, the operating frequency
of the input sensor 200 may be fixed to a specific frequency,
for example, the first operating frequency. According to
some embodiments of the present disclosure, when the first
operating ifrequency of the display panel 100 1s 60 Hz 1n the
first driving mode NM, the operating frequency of the mput
sensor 200 may also be 60 Hz. Although the second oper-
ating frequency of the display panel 100 switches to 10 Hz
in the second driving mode LM, the operating frequency of
the mput sensor 200 may be maintained as 60 Hz.

When the display panel 100 operates 1n the first driving,
mode NM, the sensor controller 200C may transmit a first
mode uplink signal (e.g., a first uplink signal ULS1 and a
second uplink signal ULS2) to the input sensor 200. Each of
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the first driving frames NDF1 may include an interval
corresponding to a first mterval PU1 where the first and
second uplink signals ULS1 and ULS2 are transmitted. The
state where the mput sensor 200 operates 1n the first mode
MD1 (refer to FIG. 7) 1s illustrated as an example in FIG.
9A. However, even when the input sensor 200 operates 1n a
second mode MD2 (refer to FIG. 7), first and second uplink
signals ULS1 and ULS2 may be transmitted to the input
sensor 200 during a first interval PU2 (refer to FIG. 7).

The second uplink signal ULS2 may be a signal, a phase
of which 1s delayed by 180° from the first uplink signal
ULS1. Thus, the first and second uplink signals ULS1 and
ULS2 may have inverted phases in the first mterval PUL.
When the first uplink signal ULS1 has positive polarity (+)
in a portion of the first interval PU1, the second uplink signal
ULS2 may have negative polarity ( ). When the first uplink
signal ULS1 has negative polarity (-) 1n another portion of
the first interval PU1, the second uplink signal ULS2 may
have positive polarity (+).

Referring to FIGS. 10A to 10D, the mput sensor 200 may
include a base nsulating layer 201, a plurality of transmut
clectrodes TE1 to TE10, a plurality of receive electrodes
RE1 to RE®6, a plurality of trace lines 230, and a plurality of
pads 240.

The plurality of transmit electrodes TE1 to TE10 and the
plurality of receive electrodes RE1 to RE6 may be arranged
in the sensing area 200A. The plurality of trace lines 230 and
the plurality of pads 240 may be arranged 1n the non-sensing
area 200N. 10 transmit electrodes TE1 to TE10 and 6 receive
clectrodes RE1 to RE6 are 1llustrated as an example in FIGS.
10A and 10B, but the number of transmit electrodes and the
number of recerve electrodes are not limited thereto.

Each of the plurality of transmit electrodes TE1 to TE10
and the plurality of receive electrodes RE1 to RE6 may be
clectrically connected with a corresponding trace line among
the plurality of trace lines 230. A single routing structure
where the one trace line 230 1s connected with the one
transmit electrode TE1 to TE10 and where the one trace line
230 1s connected with the one receive electrode RE1 to RE6
1s 1llustrated as an example i FIGS. 10A and 10B, but not
particularly limited thereto. For example, the two trace lines
230 may be connected with each of the plurality of receive
clectrodes RE1 to RE6, and the one trace line 230 may be
connected with each of the plurality of transmit electrodes
TE1 to TE10. Furthermore, the two trace lines 230 may be
connected with each of the plurality of electrodes RE1 to
RE®6, and the two trace lines 230 may be connected with
cach of the plurality of receive electrodes RE1 to RES.

The plurality of pads 240 may be electrically connected
with the plurality of trace lines 230, respectively. The input
sensor 200 may be electrically connected with the sensor
controller 200C through the plurality of pads 240. However,
this 1s merely 1llustrative, and the plurality of pads 240
according to some embodiments of the present disclosure
may be arranged in the display panel 100. In this case, the
plurality of trace lines 230 may be electrically connected
with the plurality of pads 240 through contact holes.

Referring to FIG. 10A, the sensing arca 200A of the input
sensor 200 may include a first areca AR1-1 and a second area
AR1-2 1n an odd-numbered first driving frame NDF1 of a
first driving mode NM.

When the input device 2000 1s arranged at a first position,
the input sensor 200 may sense first coordinates CP1 cor-
responding to the first position. The sensor controller 200C
may define the first areca AR1-1 based on the first coordinates
CP1. The first area AR1-1 may be overlapped with the first
coordinates CP1. The first area AR1-1 may be a portion of
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the sensing area 200A, and the second area AR1-2 may be
the rest of the sensing area 200A except for the first area
AR1-1. The first and second areas AR1-1 and AR1-2 may be
defined based on the plurality of transmit electrodes TE1 to
TE10. The first uplink signal ULS1 may be provided to
transmit electrodes (e.g., first to sixth transmit electrodes
TE1 to TE6) located 1n the first area AR1-1. The second
uplink signal ULS2 may be provided to transmit electrodes
(e.g., seventh to tenth transmit electrodes TE7 to TE10)
located 1n the second area AR1-2.

Alternatively, the first and second areas AR1-1 and AR1-2
may be defined in the sensing area 200A based on the
plurality of receive electrodes RE1 to RE10. For example,
an area which 1s overlapped with the fourth receive electrode
RE4 overlapped with the first coordinates CP1 and 1s
overlapped with the three and fifth receive electrodes RE3
and RES adjacent to the fourth receive electrode RE4 may
be defined as a first area, and an area overlapped with the
remaining receive electrodes (e.g., the first, second, and
sixth recerve electrodes RE1, RE2, and RE6) may be defined
as a second area.

Referring to FIGS. 10B, the second uplink signal ULS2
may be provided to transmit electrodes (e.g., the first to sixth
transmit electrodes TE1 to TE6) located in the first area
AR1-1 during an even-numbered first driving frame NDEF2
of the first driving mode NM. The first uplink signal ULS1
may be provided to transmit electrodes (e.g., the seventh to
tenth transmit electrodes TE7 to TE10) located 1n the second
arca AR1-2.

Referring to FIGS. 10C, when the input device 2000 1s
located at a second position, the mput sensor 200 may sense
second coordinates CP2 corresponding to the second posi-
tion. The sensor controller 200C may define the first area
AR2-1 and AR2-1 based on the second coordinates CP2.
The first area AR2-1 may be a portion of the sensing area
200A overlapped with the second coordinates CP2, and the
second arca AR2-2 may be the rest of the sensing area 200A
except for the first area AR2-1.

In an odd-numbered first driving frame NDF1 of the first
driving mode NM, the first uplink signal ULS1 may be
provided to transmit electrodes (e.g., the fifth to tenth
transmit electrodes TES to TE10) located in the first area
AR2-1. The second uplink signal ULS2 may be provided to
transmit electrodes (e.g., first to fourth transmit electrodes
TE1 to TE4) located 1n the second areca AR2-2.

Referring to FIGS. 10D, the second uplink signal ULS2
may be provided to transmit electrodes (e.g., fifth to tenth
transmit electrodes TES to TE10) located in the first area
AR2-1 during an even-numbered first driving frame NDEF2
of the first driving mode NM. The first uplink signal ULS1
may be provided to transmit electrodes (e.g., the first to
tourth transmit electrodes TE1 to TE4) located 1n the second
arca AR2-2.

The first area AR1-1 or AR2-1 and the second area AR1-2
or AR2-2 may differ 1in area from each other in the first
driving mode NM. As shown in FIG. 13A, an intensity SS1
of the first uplink signal ULS1 and an intensity SS2 of the
second uplink signal ULS2 may be diflerent from each other.
The case where the intensity SS2 of the second uplink signal
ULS2 1s greater than the intensity SS1 of the first uplink
signal ULS1 1s 1illustrated as an example mm FIG. 13A.
However, the mtensity SS2 of the second uplink signal
ULS2 and the intensity SS1 of the first uplink signal ULS1
according to some embodiments ol the present disclosure
are not limited thereto. For example, the mtensity SS2 of the
second uplink signal ULS2 may be less than the intensity
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intensity SS2 of the second uplink signal ULS2 may be the
same as the intensity SS1 of the first uplink signal ULSI.

The sensor controller 200C may control areas of the first
area AR1-1 and AR2-1 and the second areas AR1-2 and
AR2-2 and intensities SS1 and SS2 of the first and second
uplink signals ULS1 and ULS2, thus controlling a degree to
which ripples generated at the potential of a second elec-
trode CE (refer to FIG. 5) by the first and second uplink
signals ULS1 and ULS2 are offset with each other.

When viewed from the two first driving frames NDF1 and
NDEF2, the first and second uplink signals ULS1 and ULS2,
cach of which has an inverted phase, may be provided to the
first area AR1-1 and the second and first uplink signals
ULS2 and ULSI1, each of which has an inverted phase, may
be provided to the second area AR1-2. Thus, although a
ripple 1s generated at the potential of a second electrode CE
due to parasitic capacitance Cb (refer to FIG. §5) between the
input sensor 200 and the second electrode CE, when viewed
from the two {first drlvmg frames NDF1 and NDF2, an effect
in which the ripple 1s offset may occur. Thus, a flicker due
to the parasitic capacitance Cb may be removed. As a result,
display quality of the display panel 100 may be relatively
improved in the first driving mode NM.

Herematter, a scheme where the first and second uplink
signals ULS1 and ULS2 are alternately applied to the first
area AR1-1 in units of two first driving frames NDF1 and
NDFEF2 and where the second and first uplink signals ULS2
and ULSI1 are alternately applied to the second arca AR1-2
may be referred to as a first charge cancellation scheme.

Referring to FIGS. 9B, 11A, and 11B, when the display
panel 100 operates the first dnving mode NM, the sensor
controller 200C (refer to FIG. 8) may transmit an uplink
signal ULS to the mput sensor 200. Hereinafter, for conve-

nience of description, an interval overlapped with odd-
numbered first driving frames NDF1 and NDF3 in a first

interval PU1 (refer to FIG. 7) where the uplink signal ULS
1s transmitted may be referred to as a first sub-interval PUa,
and an interval overlapped with an even-numbered first
driving frames NDF2 and NDF4 may be referred to as a
second sub-interval PUb.

The phase of the uplink signal ULS 1n the first sub-
interval PUa may be mnverted from the phase of the uplink
signal ULS 1n the second sub-interval PUb. In other words,
the phase of the uplink signal ULS may be inverted in units
of one first driving frame NDF1 to NDF4. The uplink signal
ULS applied to the mput sensor 200 during the odd-num-
bered first driving frames NDF1 and NDF3 may have a
phase delayed by 180° with the uplink signal ULS applied
to the mput sensor 200 during the even-numbered first
driving frames NDF2 and NDF4. The sensor controller
200C may output an uplink signal ULS having a positive
phase during the first sub-interval PUa and may output an
uplink signal ULS having a reverse phase or a negative
phase during the second sub-interval PUb. The first and
second sub-intervals PUa and PUb may be alternately
arranged.

When the sensor controller 200C applies one uplink
signal ULS to the input sensor 200, the sensing area 200A
may fail to be divided into first and second areas.

As shown 1n FIG. 11A, 1n the odd-numbered first driving
frame NDF1 of the first dnving mode NM, the uplink signal
ULS having the positive phase may be provided to all
transmit electrodes (e.g., first to tenth transmit electrodes
TE1 to TE10) located in the sensing area 200A. As shown
in FI1G. 11B, the uplink signal ULS having the reverse phase
or the negative phase may be provided to all the transmait
clectrodes (e.g., the first to tenth transmit electrodes TE1 to
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TE10) located in the sensing area 200A during the even-
numbered first driving frame NDF2 of the first driving mode
NM.

When viewed from the two first driving frames NDF1 and
NDF2, an uplink signal ULS having an inverted phase may
be provided to the sensing area 200A. Thus, although a
ripple 1s generated at the potential of the second electrode
CE (refer to FIG. 5) due to the parasitic capacitance Cb
(refer to FIG. 5) between the input sensor 200 and the second
clectrode CE, when viewed from the two first driving frames
NDF1 and NDF2, an effect in which the ripple 1s offset may
occur. Thus, a flicker due to the parasitic capacitance Cb
may be removed. As a result, display quality of the display
panel 100 may be relatively improved 1n the first driving
mode NM.

Hereinatiter, a scheme where the uplink signal ULS with
the positive phase and the reverse phase or the negative
phase 1s applied to the sensing area 200A 1n units of the two
first driving frames NDF1 and NDF2 may be referred to as
a temporal averaging scheme.

Because a period where the write frame SF1 1s generated
increases when the first drniving mode NM switches to the
second driving mode LM, 1t 1s difhicult to oflset a ripple
generated at the potential of the second electrode CE by
adopting the first charge cancellation scheme and the tem-
poral averaging scheme. Thus, according to some embodi-
ments of the present disclosure, a ripple generated at the
potential of the second electrode CE may be oflset 1n a
scheme (e.g., a second charge cancellation scheme) different
from the first charge cancellation scheme and the temporal
averaging scheme in the second driving mode LM.

Referring to FIGS. 9A, 9B, and 12, when the display
panel 100 operates in the second driving mode LM, the
sensor controller 200C (refer to FIG. 8) may transmit a
second mode uplink signal (e.g., a third uplink signal ULS3
and a fourth uplink signal ULS4) to the input sensor 200
during the write frame SF1. An interval corresponding to the
first interval PU1 where the third and fourth uplink signals
ULS3 and ULS4 are transmitted may be included in the
write frame SF1. The state where the input sensor 200
operates 1n the first mode MD1 (refer to FIG. 7) 1s illustrated
as an example 1n FIGS. 9A and 9B. However, even when the
input sensor 200 operates 1 a second mode MD2 (refer to
FIG. 7), the third and fourth uplink signals ULS3 and ULS4
may be transmitted to the mput sensor 200 during a first
interval PU2 (refer to FIG. 7).

The fourth uplink signal ULS4 may have a phase inverted
from the third uplink signal ULS3 1n the first interval PU1.
According to some embodiments of the present disclosure,
the fourth uplink signal ULS4 may be a signal, a phase of
which 1s more delayed by 180° than the third uplink signal
ULS3. When the third uplink signal ULS3 has positive
polarity (+) 1n a portion of the first interval PU1, the fourth
uplink signal ULS4 may have negative polarity (-). When
the third uplink signal ULS3 has negative polarity (-) in
another portion of the first interval PU1, the fourth uplink
signal ULS4 may have positive polarity (+).

The sensing area 200A of the input sensor 200 may be
divided into the third and fourth areas AR3-1 and AR3-2
during the write frame SF1 of the second driving mode LM.

When the input device 2000 1s located at a third position,
the 1mput sensor 200 may sense third coordinates CP3
corresponding to the third position. The sensor controller
200C may define the third area AR3-1 based on the third
coordinates CP3. The third area AR3-1 may be overlapped
with the third coordinates CP3. The third area AR3-1 may be
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AR3-2 may be the rest of the sensing area 200A except for
the third area AR3-1. The third and fourth areas AR3-1 and
AR3-2 may be defined based on the plurality of transmit
clectrodes TE1 to TE10. The third uplink signal ULS3 may
be provided to transmit electrodes (e.g., the first to fifth
transmit electrodes TE1 to TES) located in the third area
AR3-1. The fourth uplink signal ULS4 may be provided to
transmit electrodes (e.g., the sixth to tenth transmit elec-
trodes TE6 to TE10) located in the fourth area AR3-2.

The third area AR3-1 and the fourth area AR3-2 may be
the same 1n area as each other 1n the second driving mode
LM. The third area AR3-1 and the fourth area AR3-2 in the
second driving mode may differ in area from the first areas
AR1-1 and AR2-1 and the second areas AR1-2 and AR2-2
in the first dnving mode NM. As shown in FIG. 13B, an
intensity SS3 of the third uplink signal ULS3 and an
intensity SS4 of the fourth uplink signal ULS4 may be the
same as each other. The third and fourth uplink signals ULS3
and ULS4, each of which has an inverted phase, may be
applied to the third and fourth arecas AR3-1 and AR3-2,
respectively. When an area between the third area AR3-1
and the fourth area AR3-2 1s balanced 1n the second driving
mode LM and when an intensity between the third and
fourth uplink signals ULS3 and ULS4 1s balanced, a ripple
may be offset 1n one write frame SF1.

Thus, although a ripple 1s generated at the potential of the
second electrode CE (refer to FIG. 5) due to the parasitic
capacitance Cb (refer to FIG. 5) between the mput sensor
200 and the second electrode CE, an eflect in which the
ripple 1s oflset may occur in the one write frame SF1. Thus,
a flicker due to the parasitic capacitance Cb may be
removed. As a result, display quality of the display panel 100
may be relatively improved in the second driving mode LM.

According to some embodiments of the present disclo-
sure, unlike the first charge cancellation scheme and the
temporal averaging scheme, which may remove the ripple
on the basis of the two first driving frames, the scheme (i.e.,
the second charge cancellation scheme) capable of removing
the ripple 1 the one write frame SF1 1n the second driving
mode LM may be adopted. In other words, when the ripple
generated at the potential of the second electrode CE 1s
removed after the two first dniving frames NDF1 and NDE2
clapse 1n the first charge cancellation scheme and the tem-
poral averaging scheme adopted in the first driving mode
NM, whereas the ripple generated at the potential of the
second electrode CE may be removed in the one write frame
SF1 1n the second charge cancellation scheme.

Thus, although the operating frequency of the display
panel 100 1s low 1n the second driving mode LM, a nipple
oflset scheme may be changed and applied to the nput
sensor 200, thus stably removing a thicker phenomenon due
to the uplink signals ULS3 and ULS4 1n the second driving
mode LM. As a result, display quality may be relatively
improved.

Meanwhile, the sensor controller 200C may apply a fifth
uplink signal ULSS to the mput sensor 200 1n response to
cach of holding frames SF2 during the second driving mode
LM. The fifth uplink signal ULSS may be a normal uplink
signal to which the temporal averaging scheme, the first and
second charge cancellation schemes, and the like are not
applied. In other words, the normal uplink signal may be
generated to have the same phase for each holding frame
SEF2. The data driver 100C3 (refer to FIG. 6) may output a
bias data signal Vdc having a certain potential at a black gray
scale or a low gray scale in each holding frame SF2.
Furthermore, the scan driver 100C2 (refer to FIG. 6) may be
maintained 1n an inactive state in the holding frame SF2.
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Thus, when the fifth uplink signal ULSS 1s applied to the
111put sensor 200 1n the holding frame SF2, although a nipple
1s generated at the potential of the second electrode CE, a
flicker may fail to be viewed on an 1mage displayed on the
display panel 100 (refer to FIG. 6). Thus, the ripple offset
scheme such as the temporal averaging scheme and the first
and second charge cancellation schemes may fail to be
applied 1n the holding frame SF2.

FIG. 14A 1s a wavelorm diagram illustrating a scan
control signal, a light emitting control signal, and first and
second uplink signals according to some embodiments of the
present disclosure. FIG. 14B 1s a wavelorm diagram illus-
trating a scan control signal, a light emitting control signal,
and an uplink signal according to some embodiments of the
present disclosure. FIG. 15A 1s a plan view 1illustrating an
operation of an input sensor 1n a first write frame shown 1n
FIG. 14A. FIG. 15B 1s a plan view 1llustrating an operation
of an input sensor 1 a second write frame shown i FIG.
14A. FIG. 15C 1s a plan view 1illustrating an operation of an
input sensor 1n a first write frame shown 1n FIG. 14B. FIG.
15D 1s a plan view 1illustrating an operation of an input
sensor 1 a second write frame shown 1 FIG. 14B.

Operations of a display panel 100 (refer to FIG. 6) and an
input sensor 200 in a first driving mode NM 1n FIGS. 14A
and 14B are duplicated with the contents described with
reference to FIGS. 9A and 9B. Thus, a description of a
detailed operation in the first driving mode NM will be
omitted.

Referring to FIGS. 3, 6, and 14A, each of a plurality of
second drniving frames LDF1 and LDF2 may include k write
frames and 1 holding frames. According to some embodi-
ments of the present disclosure, k may be an even number
of two or more and j may be a number greater than k. The
case where two write frames (e.g., a first write frame SFla
and a second write frame SF15) are included 1s 1llustrated
according to some embodiments of the present disclosure 1n
FIG. 14A, but the number of write frames 1s not limited
thereto. Furthermore, the case where four holding frames
SEF2 are included 1s 1llustrated according to some embodi-
ments of the present disclosure 1n FIG. 14 A, but the number
of holding frames 1s not limited thereto. The number of write
frames and the number holding frames may vary with a
second operating Irequency. For example, the lower the
second operating frequency, the more the number of k and
the number of 1 may increase.

A data driver 100C3 (refer to FIG. 6) may apply a data
signal Vdata (e.g., may be referred to as a “normal data
signal” or a “valid data signal”) including image information
to the display panel 100 1n each of the first and second write
frames SF1a and SF1b. The data driver 100C3 may apply a
data signal Vdc (e.g., may be referred to as a “black data
signal” or a “bias data signal”), which does not include
image information, to the display panel 100 during each
holding frame SF2. The bias data signal Vdc may be a data
signal having a black gray scale or a low gray scale.

In the second driving mode LM, a scan driver 100C2
(refer to FIG. 6) may be activated during k write frames and
may be deactivated during j holding frames. A light emitting
driver 100C4 (refer to FIG. 6) may be activated during the
k write frames and the j holding frames. A scan control
signal CONT1 provided to the scan driver 100C2 may
include a scan start signal FLLM and a scan clock signal CLK.
A light emitting control signal CONT3 provided to the light
emitting driver 100C4 may include a light emitting start
signal E_FLLM and a light emitting clock signal E_CLK.

The scan start signal FLM and the scan clock signal CLK
may be activated 1n each of the first and second write frames
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SF1a and SF154. Thus, the scan driver 100C?2 1s activated 1n
only one write frame SF1 in the embodiments shown 1n FIG.
9A, whereas the scan driver 100C2 may be activated during
two write frames SFla and SF15 1n the embodiments shown
in FIG. 14A. According to some embodiments of the present
disclosure, the scan driver 100C2 may be deactivated during
cach holding frame SF2. Meanwhile, the light emitting
driver 100C4 may be activated in the first and second write
frames SFla and SF15 and may also be activated during
cach holding frame SF2. Thus, an image including image
information may be displayed in the first and second write
frames SFla and SF1b, and a new 1mage may not be
displayed on the display panel 100 as the scan driver 100C2
1s deactivated 1n the holding frame SF2 and the image may

be maintained.
Referring to FIGS. 14A, 15A, and 15B, when the display

panel 100 operates 1n the second driving mode LM, a sensor
controller 200C (refer to FIG. 8) may transmuit a first uplink
signal ULS1 and a second uplink signal ULS2 to an input
sensor 200 during the first write frame SFla. An interval
corresponding to a first interval PU1 where the first and
second uplink signals ULS1 and ULS2 are transmitted may
be included in the first write frame SFla. The first and
second uplink signals ULS1 and ULS2 may be the same as
signals provided to the input sensor 200 1n the first driving
mode NM.

Thus, the first and second uplink signals ULS1 and ULS2
may have inverted phases in the first interval PUL. For

example, the second uplink signal ULS2 may be a signal, a
phase of which 1s delayed by 180° from the first uplink
signal ULS]T.

A sensing area 200A of the mnput sensor 200 may include
first and second areas AR1-1 and AR1-2 in the first write
frame SF1a of the second driving mode LM. The first uplink
signal ULS1 may be provided to transmit electrodes (e.g.,
first to sixth transmit electrodes TE1 to TE6) located 1n the
first area AR1-1. The second uplink signal ULS2 may be
provided to transmait electrodes (e.g., seventh to tenth trans-
mit electrodes TE7 to TE10) located in the second area
AR1-2.

Meanwhile, the second uplink signal ULS2 may be pro-
vided to transmit electrodes (e.g., the first to sixth transmit
clectrodes TE1 to TE6) located in the first area AR1-1 1n the
second write frame SF15 of the second driving mode LM.
The first uplink signal ULS1 may be provided to transmit
clectrodes (e.g., the seventh to tenth transmit electrodes TE7
to TE10) located in the second area AR1-2.

The first area AR1-1 and the second areca AR1-2 may
differ 1n area from each other 1n the second driving mode
LM. An intensity SS1 of the first uplink signal ULS1 and an
intensity SS2 of the second uplink signal ULS2 may be the
same as or different from each other.

Each of the driving frames LDF1 and LDFE2 of the second
driving mode LM may include an even number of write
frames, for example, the two write frames SF1a and SF15.
When viewed from the two write frames SF1a and SEF15, the
first and second uplink signals ULS1 and ULS2, each of
which has an inverted phase, may be provided to the first
area AR1-1 and the second and first uplink signals ULS2 and
ULS1, each of which has an inverted phase, may be pro-
vided to the second area AR1-2. Thus, although a ripple 1s
generated at the potential of a second electrode CE (refer to
FIG. §) due to parasitic capacitance Cb (refer to FIG. 5)
between the mput sensor 200 and the second electrode CE,
when viewed from the two write frames SFla and SF15b, an
ellect 1n which the rnipple 1s oflset may occur.
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When the ripple generated at the potential of the second
clectrode CE 1s offset 1n a first charge cancellation scheme
in the first driving mode NM, a ripple generated at the
potential of the second electrode CE may also be offset in the
first charge cancellation scheme in the second driving mode
[LM. In other words, when an even number of write frames
are provided although the first driving mode NM switches to
the second driving mode LM, the nipple generated at the
potential of the second electrode CE may be oflset by
applying the same scheme as the first driving mode NM.

Thus, although the operating frequency of the display
panel 100 (refer to FIG. 6) changes, the ripple generated at
the potential of the second electrode CE may be offset in the
same scheme. As a result, a flicker due to parasitic capaci-
tance Cb may be removed in the second driving mode LM
and display quality of the display panel 100 may be rela-
tively improved.

Referring to FIGS. 14B, 15C, and 15D, when the display
panel 100 operates in the second driving mode LM, the
sensor controller 200C may transmit the same uplink signal
ULS as that in the first dnnving mode NM to the imnput sensor
200 during each of the second driving frames LDF1 and
LDF2. Hereinatter, for convenience of description, an inter-

val overlapped with odd-numbered first driving frames
NDF1 and NDF3 and the first write 1

frame SFla 1n a first
interval PU1 (refer to FIG. 7) where the uplink signal ULS
1s transmitted may be referred to as a first sub-interval PUa,
and an interval overlapped with an even-numbered first
driving frames NDF2 and NDF4 and the second write frame
SF1b may be referred to as a second sub-interval PUb.
The phase of the uplink signal ULS 1n the first sub-
interval PUa may be mverted from the phase of the uplink
signal ULS 1n the second sub-interval PUb. In other words,

the phase of the uplink signal ULS may be mverted 1n units
of one first driving frame NDF1, NDF2, NDF3, or NDF4 1n

the first driving mode NM. The phase of the uplink signal
ULS may be mverted 1n units of one write frame SFla or
SF1b or in units of one holding frame SF2 1n the second
driving mode LM. For example, the uplink signal ULS
applied to the mput sensor 200 during the first write frame
SFla may have a phase delayed by 180° with the uplink
signal ULS applied to the input sensor 200 during the second
write frame SF154. The sensor controller 200C may output an
uplink signal ULS having a positive phase during the first
sub-interval PUa and may output an uplink signal ULS
having a reverse phase or a negative phase during the second
sub-interval PUb. The first and second sub-intervals PUa
and PUb may be alternately arranged.

When the sensor controller 200C applies one uplink
signal ULS to the mput sensor 200, the sensing area 200A
may fail to be divided into first and second areas.

As shown 1n FIG. 15C, 1n the first write frame SF1a of the
second driving mode LM, the uplink signal ULS having the
positive phase may be provided to all transmit electrodes
(e.g., first to tenth transmit electrodes TE1 to TE10) located
in the sensing area 200A. As shown in FIG. 15D, m the
second write frame SF15 of the second dnving mode LM,
the uplink signal ULS having the reverse phase or the
negative phase may be provided to all transmit electrodes
(c.g., the first to tenth transmit electrodes TE1 to TE10)
located 1n the sensing area 200A.

When viewed from the two write frames SF1la and SF15,
an uplink signal ULS having an inverted phase may be
provided to the sensing area 200A. Thus, although a rnipple
1s generated at the potential of the second electrode CE (refer
to FIG. 5) due to parasitic capacitance Cb (refer to FIG. §5)
between the mput sensor 200 and the second electrode CE,
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when viewed from the two write frames SF1a and SF154, an
ellect in which the nipple 1s oflset may occur. Thus, a flicker
due to the parasitic capacitance Cb may be removed. As a
result, display quality of the display panel 100 may be
relatively improved 1n the second driving mode LM.

When the nipple generated at the potential of the second
clectrode CE 1s oflset in a temporal averaging scheme 1n the
first driving mode NM, a ripple generated at the potential of
the second electrode CE may also be offset in the temporal
averaging scheme 1n the second driving mode LM. In other
words, when an even number of write frames are provided
although the first driving mode NM switches to the second
driving mode LM, the ripple generated at the potential of the
second electrode CE may be oflset by applying the same
scheme as the first dnving mode NM.

Thus, although the operating frequency of the display
panel 100 changes, the ripple generated at the potential of
the second electrode CE may be offset in the same scheme.
As a result, a flicker due to parasitic capacitance Cb may be
removed 1n the second driving mode LM and display quality
of the display panel 100 may be relatively improved.

FIG. 16A 1s a wavelorm diagram illustrating a scan
control signal, a light emitting control signal, and first and
second uplink signals according to some embodiments of the
present disclosure. FIG. 16B 1s a waveform diagram 1illus-
trating a scan control signal, a light emitting control signal,
and an uplink signal according to some embodiments of the
present disclosure.

Operations of a display panel 100 (refer to FIG. 6) and an
iput sensor 200 in a first driving mode NM in FIGS. 16 A
and 16B are duplicated with the contents described with
reference to FIGS. 9A and 9B. Thus, a description of a
detailed operation in the first driving mode NM will be
omitted.

Referring to FIGS. 3, 6, and 16 A, each of a plurality of
second driving frames LDF1 and LDF2 may include a first
sub-frame SFa and a plurality of second sub-frames SFEb.
The case where the second driving frame LDF1 includes five
second sub-frames SFb 1s illustrated according to some
embodiments of the present disclosure in FIG. 16A, but the
number of second sub-frames SFb 1s not limited thereto,
which may vary with a second operating frequency.

A data dniver 100C3 (refer to FIG. 6) may apply a data
signal Vdata (e.g., may be referred to as a “normal data
signal” or a “valid data signal”) including image information
to the display panel 100 in the first sub-iframe SFa. The data
driver 100C3 may apply a data signal Vdc (e.g., may be
referred to as a “black data signal” or a “bias data signal™),
which does not include 1mage information, to the display
panel 100 during each second sub-frame SEFb. The bias data
signal Vdc may be a data signal having a black gray scale or
a low gray scale.

In the second driving mode LM, the scan driver 100C2
(refer to FIG. 6) may be activated as a whole during the first
sub-frame SFa and may be partially activated during each
second sub-frame SFb. A scan control signal CONT1 pro-
vided to a scan driver 100C2 may include a scan start signal
FLLM and a scan clock signal CLK. The scan clock signal
CLK may be activated as a whole 1n the first sub-frame SFa.
Each second sub-frame SFb may include an active interval
P1 and an iactive interval P2. The active interval P1 may
be referred to as an interval where the scan clock signal CLK
1s activated. The 1nactive interval P2 may be referred to as
an mterval where the scan clock signal CLK 1s deactivated.

A light emitting driver 100C4 (refer to FIG. 6) may be
activated as a whole during the first sub-frame SFa and the
second sub-frame SFb. A light emitting control signal
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CONT3 provided to the light emitting driver 100C4 (refer to
FIG. 6) may include a light emitting start signal E_FLLM and
a light emitting clock signal E_CLK. The light emitting
driver 100C4 may be activated as a whole during the first
sub-frame SFa and each second sub-frame SFEb 1n the second
driving mode LM.

Thus, an 1mage corresponding to a bias data signal Vdc
may be displayed on the display panel 100 as the scan driver
100C2 1s activated 1n the active interval P1 of each second
sub-frame SFEb.

When the display panel 100 operates 1n the second driving,
mode LM, the sensor controller 200C may transmit a first
uplink signal ULS1 and a second uplink signal ULS2 to the
input sensor 200. An interval corresponding to a first interval
PU1 where the first and second uplink signals ULS1 and
ULS2 are transmitted may be included in the first sub-frame
SFa. The first and second uplink signals ULS1 and ULS2
may be the same as signals provided to the mput sensor 200
in the first driving mode NM.

Thus, the first and second uplink signals ULS1 and ULS2
may have inverted phases in the first interval PU1. For

example, the second uplink signal ULS2 may be a signal, a
phase of which 1s delayed by 180° from the first uplink

signal ULSI1.

A sensing area 200A of the mput sensor 200 may include
first and second areas AR1-1 and AR1-2 1n the first sub-
frame SFa of the second driving mode LM. The first uplink
signal ULS1 may be provided to transmit electrodes (e.g.,
first to sixth transmit electrodes TE1 to TE®6, refer to FIG.
15A) located 1n the first area AR1-1. The second uplink
signal ULS2 may be provided to transmit electrodes (e.g.,
seventh to tenth transmit electrodes TE7 to TE10, refer to
FIG. 15A) located 1n the second areca AR1-2.

Meanwhile, the active interval P1 of each second sub-
frame SFb of the second driving mode LM may be over-
lapped with the first interval PU1 and the nactive interval P2
may not be overlapped with the first interval PU1. In the
active interval P1 of the first second sub-frame SFb of the
second driving mode LM, the second uplink signal ULS2
may be provided to transmit electrodes (e.g., the first to sixth
transmit electrodes TE1 to TE®6, refer to FIG. 15B) located
in the first area AR1-1. The first uplink signal ULS1 may be
provided to transmit electrodes (e.g., the seventh to tenth
transmit electrodes TE7 to TE10, refer to FIG. 15B) located
in the second areca AR1-2.

The first area AR1-1 and the second area AR1-2 may
differ 1n area from each other 1n the second driving mode
LM. An intensity of the first uplink signal ULS1 and an
intensity of the second uplink signal ULS2 may be the same
as or different from each other.

Each of the second driving frames LDF1 and LDF2 of the
second driving mode LM may include an even number of
sub-frames. When viewed from the two consecutive sub-
frames SFa and SFb, the first and second uplink signals
ULS1 and ULS2, each of which has an inverted phase, may
be provided to the first area AR1-1 and the second and first
uplink signals ULS2 and ULS1, each of which has an
inverted phase, may be provided to the second arca AR1-2.
Thus, although a ripple 1s generated at the potential of the
second electrode CE (refer to FIG. 5) due to parasitic
capacitance Cb (refer to FIG. 5) between the mput sensor
200 and the second electrode CE, when viewed from the two
consecutive sub-frames SFa and SFb, an effect in which the
ripple 1s oflset may occur.

When the rnipple generated at the potential of the second
clectrode CE 1s oflset 1n a first charge cancellation scheme
in the first driving mode NM, a ripple generated at the
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potential of the second electrode CE may also be offset in the
first charge cancellation scheme in the second driving mode
LM. In other words, as an active interval of each holding
frame 1s included although the first driving mode NM
switches to the second driving mode LM, the ripple gener-
ated at the potential of the second electrode CE may be oflset
by applying the same scheme as the first driving mode NM.

Thus, although the operating frequency of the display
panel 100 changes, the ripple generated at the potential of
the second electrode CE may be offset in the same scheme.
As a result, a flicker due to parasitic capacitance Cb may be
removed 1n the second driving mode LM and display quality

of the display panel 100 may be relatively improved.
Referring to FIGS. 165, 15C, and 15D, when the display

panel 100 operates 1n the second driving mode LM, the
sensor controller 200C may transmit the same uplink signal
ULS as that in the first driving mode NM to the imput sensor
200 during each of the second driving frames LDF1 and
LDF2. Heremnafter, for convenience of description, an inter-
val overlapped with odd-numbered first driving frames
NDF1 and NDF3, the first sub-frame SFa, an odd-numbered
second frame SFb in a first mnterval PU1 (refer to FIG. 7)
where the uplink signal ULS 1s transmitted may be referred
to as a first sub-interval PUa, and an interval overlapped
with an even-numbered first dniving frames NDF2 and
NDF4 and the even-numbered second sub-frame SFb may
be referred to as a second sub-interval PUb.

The phase of the uplink signal ULS 1n the first sub-
interval PUa may be inverted from the phase of the uplink
signal ULS 1n the second sub-interval PUb. In other words,

the phase of the uplink signal ULS may be mverted 1n units
of one first driving frame NDF1, NDF2, NDF3, or NDF4 1n

the first driving mode NM. The phase of the uplmk signal
ULS may be 1mverted in units of one sub-frame SFa or SFb
in the second driving mode LM. Each second sub-frame Skb
may include an active mterval P1 and an inactive interval
P2. The active imterval P1 of each second sub-frame SFb
may correspond to the first or second sub-interval PUa or
PUb. For example, an active interval P1 of an odd-numbered
second sub-frame SFb among the plurality of second sub-
frames SFb may correspond to the second sub-interval PUb,
and an active interval P1 of an even-numbered second
sub-frame SFb may correspond to the first sub-interval PUa.

For example, the uplink signal ULS applied to the input
sensor 200 during the first sub-frame SFa may have a phase
delayed by 180° with the uplink signal ULS applied to the
input sensor 200 during the first second sub-frame SEb. The
sensor controller 200C may output an uplink signal ULS
having a positive phase during the first sub-frame SFa and
may output an uplink signal ULS having a reverse phase or
a negative phase during an active interval P1 of the first
second sub-frame SFb. The first and second sub-intervals
PUa and PUb may be alternately arranged.

When the sensor controller 200C applies one uplink
signal ULS to the input sensor 200, the sensing area 200A
may fail to be divided into first and second areas.

In the first sub-frame SFa of the second driving mode LM,
the uplink signal ULS having the positive phase may be
provided to all transmit electrodes (e.g., first to tenth trans-
mit electrodes TE1 to TE10, refer to FIG. 15C) located 1n the
sensing area 200A. The uplink signal ULS having the
reverse phase or the negative phase may be provided to all
the transmit electrodes (e.g., the first to tenth transmit
clectrodes TE1 to TE10, refer to FIG. 15D) located in the
sensing area 200A during the active interval P1 of the first
second sub-frame SFb of the second driving mode SF.
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When viewed {from the two sub-frames SFa and SFb, an
uplink signal ULS having an inverted phase may be pro-
vided to the sensing area 200A. Thus, although a ripple 1s
generated at the potential of the second electrode CE (refer
to FIG. 5) due to parasitic capacitance Cb (refer to FIG. 5)
between the mput sensor 200 and the second electrode CE,
when viewed from the two sub-frames SFa and SFb, an
ellect 1n which the nipple 1s oflset may occur. Thus, a flicker
due to the parasitic capacitance Cb may be removed. As a
result, display quality of the display panel 100 may be
relatively improved 1n the second driving mode LM.

When the nipple generated at the potential of the second
clectrode CE 1s oflset 1n a temporal averaging scheme in the
first driving mode NM, a ripple generated at the potential of
the second electrode CE may also be offset 1n the temporal
averaging scheme 1n the second driving mode LM. In other
words, when an even number of write frames are provided
although the first driving mode NM switches to the second
driving mode LM, the ripple generated at the potential of the
second electrode CE may be oflset by applying the same
scheme as the first driving mode NM.

Thus, although the operating frequency of the display
panel 100 changes, the ripple generated at the potential of
the second electrode CE may be offset in the same scheme.
As a result, a tlicker due to parasitic capacitance Cb may be
removed in the second driving mode LM and display quality
of the display panel 100 may be relatively improved.

FIG. 17A 1s a waveform diagram illustrating a scan
control signal, a light emitting control signal, and first and
second uplink signals according to some embodiments of the
present disclosure. FIG. 17B 1s a wavelorm diagram illus-
trating a scan control signal, a light emitting control signal,
and an uplink signal according to some embodiments of the
present disclosure.

Operations of a display panel 100 (refer to FIG. 6) and an
input sensor 200 in a first driving mode NM 1n FIGS. 17A
and 17B are duplicated with the contents described with
reference to FIGS. 9A and 9B. Thus, a description of a
detailed operation i1n the first driving mode NM will be
omitted.

Referring to FIGS. 3, 6, and 17A, each of a plurality of
second driving frames LDF1 and LDF2 may include a first
sub-frame SFa and a plurality of second sub-frames O-SFb
and E SFb.

In the second driving mode LM, a scan driver 100C2 may
be activated as a whole during the first sub-frame SFa and
may be partially activated during each of the second sub-
frames O-SFb and E-SFb. A scan control signal CONT1
provided to the scan driver 100C2 may include a scan start
signal FLLM and a scan clock signal CLK. The scan clock

signal CLK may be activated as a whole 1n the first sub-

frame SFa. An odd-numbered second sub-frame O-SFb
among the plurality of second sub-frames O-SFb and E-SFb
may include an active iterval Pa and an inactive interval Pb.
The active iterval Pa may be referred to as an interval
where the scan clock signal CLK 1s activated. The mactive
interval Pb may be referred to as an interval where the scan
clock signal CLK 1s deactivated.

A light emitting driver 100C4 may be activated as a whole
during the first sub-frame SFa and each of the second
sub-frames O-SFb and E-SFb. A light emitting control signal
CONT3 provided to the light emitting driver 100C4 may
include a light emitting start signal E_FLM and a light
emitting clock signal E_CLK. The light emitting driver
100C4 may be activated as a whole during the first sub-
frame SFa and each of the second sub-frames O-SFb and

E-SEb In the second driving mode LM.
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Thus, an 1mage corresponding to a bias data signal Vdc
may be displayed on the display panel 100 as the scan driver
100C2 1s activated in the active interval Pa of an odd-
numbered second sub-irame O-SFb.

When the display panel 100 operates in the second driving,
mode LM, a sensor controller 200C may transmit a first

uplink signal ULS1 and a second uplink signal ULS2 to the
input sensor 200. An interval corresponding to a first interval
PU1 where the first and second uplink signals ULS1 and
ULS2 are transmitted may be included 1n the first sub-irame
SFa. The first and second uplink signals ULS1 and ULS2

may be the same as signals provided to the input sensor 200
in the first driving mode NM.
The first and second uplink signals ULS1 and ULS2 may

have inverted phases in the first interval PU1. For example,
the second uplink signal ULS2 may be a signal, a phase of
which 1s delayed by 180° from the first uplink signal ULS1.

A sensing area 200A of the mnput sensor 200 may include

first and second areas AR1-1 and AR1-2 in the first sub-
frame SFa of the second driving mode LM. The first uplink
signal ULS1 may be provided to transmit electrodes (e.g.,
first to sixth transmit electrodes TE1 to TE®6, refer to FIG.
15A) located 1n the first area AR1-1. The second uplink
signal ULS2 may be provided to transmit electrodes (e.g.,
seventh to tenth transmit electrodes TE7 to TE10, refer to
FIG. 15A) located in the second area AR2-1.

Meanwhile, the active interval Pa of an odd-numbered
second sub-frame O-SFb of the second dnving mode LM
may be overlapped with the first interval PU1 and the
iactive mterval Pb may not be overlapped with the first
interval PU1L. In the active interval Pa of an odd-numbered
second sub-frame O-SFb of the second driving mode LM,
the second uplink signal ULS2 may be provided to transmit
clectrodes (e.g., the first to sixth transmit electrodes TE1 to
TE®, refer to FIG. 15B) located 1n the first area AR1-1. The
first uplink signal ULS1 may be provided to transmait elec-
trodes (e.g., the seventh to tenth transmait electrodes TE7 to
TE10, refer to FIG. 15B) located in the second area AR2-1.

The first area AR1-1 and the second area AR1-2 may
differ 1n area from each other 1n the second driving mode
LM. An intensity of the first uplink signal ULS1 and an
intensity of the second uplink signal ULS2 may be the same
as or different from each other.

When viewed from the two consecutive sub-frames SFa
and O-SFb, the first and second uplink signals ULS1 and
ULSI, each of which has an inverted phase, may be pro-
vided to the first area AR1-1 and the second and first uplink
signals ULS2 and ULS1, each of which has an inverted
phase, may be provided to the second area AR1-2. Thus,
although a ripple 1s generated at the potential of the second
clectrode CE (refer to FIG. 5) due to parasitic capacitance
Cb (refer to FIG. §) between the mput sensor 200 and the
second electrode CE, when viewed from the two consecu-
tive sub-frames SFa and O-SFb, an eflect 1n which the ripple
1s oifset may occur.

When the rnipple generated at the potential of the second
clectrode CE 1s offset 1n a first charge cancellation scheme
in the first driving mode NM, a nipple generated at the
potential of the second electrode CE may also be oflset 1n the
first charge cancellation scheme in the second driving mode
LM. In other words, as the scan driver 100C2 1s activated
during the active interval Pa of an odd-numbered second
sub-frame O-SFB although the first driving mode LM
switches to the second driving mode LM, the ripple gener-
ated at the potential of the second electrode CE may be offset
by applying the same scheme as the first driving mode NM.
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Thus, although the operating frequency of the display
panel 100 changes, the ripple generated at the potential of
the second electrode CE may be offset in the same scheme.
As a result, a flicker due to parasitic capacitance Cb may be
removed 1n the second driving mode LM and display quality
of the display panel 100 may be relatively improved.

Referring to FIG. 17B, when the display panel 100
operates 1n the second driving mode LM, the sensor con-
troller 200C may transmit the same uplink signal ULS as
that 1n the first driving mode NM to the mput sensor 200
during each of the second driving frames LDF1 and LDF2.

Each of the plurality of second driving frames LDF1 and

LDF2 may include a first sub-frame SFa and a plurality of
second sub-frames O-SFb and E-SFb.

In the second driving mode LM, a scan driver 100C2 may
be activated as a whole during the first sub-frame SFa and
may be partially activated during each of the second sub-
frames O-SFb and E-SFb. A scan control signal CONT1

provided to the scan driver 100C2 may include a scan start
signal FILM and a scan clock signal CLK. The scan clock
signal CLK may be activated as a whole 1n the first sub-
frame SFa. An even-numbered second sub-frame E-SFb
among the plurality of second sub-frames O-SFb and E-SFb
may include an active mterval Pc and an 1mnactive interval Pd.
The active iterval Pc may be referred to as an interval
where the scan clock signal CLK 1s activated. The mactive
interval Pd may be referred to as an interval where the scan
clock signal CLK 1s deactivated.

The active interval Pc of an even-numbered second sub-
frame E-SFb may correspond to the first or second sub-
interval PUa or PUb. For example, the uplink signal ULS
applied to the mput sensor 200 during the first sub-frame
SFa may have a phase delayed by 180° with the uplink
signal ULS applied to the iput sensor 200 during the active
interval Pc of the even-numbered second sub-frame E-SFb.
The sensor controller 200C may output an uplink signal
ULS having a positive phase during the first sub-frame SFa
and may output an uplink signal ULS having a reverse phase
or a negative phase during the even-numbered second sub-
frame E-SFb. The first and second sub-intervals PUa and
PUb may be alternately arranged.

When the sensor controller 200C applies one uplink
signal ULS to the mput sensor 200, the sensing areca 200A
may fail to be divided into first and second areas.

In the first sub-frame SFa of the second driving mode LM,
the uplink signal ULS having the positive phase may be
provided to all transmit electrodes (e.g., first to tenth trans-
mit electrodes TE1 to TE10, refer to FIG. 15C) located 1n the
sensing areca 200A. The uplink signal ULS having the
reverse phase or the negative phase may be provided to all
the transmit electrodes (e.g., the first to tenth transmit
clectrodes TE1 to TE10, refer to FIG. 15D) located in the
sensing areca 200A during the active interval Pc of the
even-numbered second sub-frame E-SFb of the second
driving mode LM.

When viewed from the two sub-frames SFa and E-SFb, an
uplink signal ULS having an inverted phase may be pro-
vided to the sensing area 200A. Thus, although a ripple 1s
generated at the potential of the second electrode CE (refer
to FIG. 5) due to parasitic capacitance Cb (refer to FIG. 5)
between the mput sensor 200 and the second electrode CE,
when viewed from the two sub-frames SFa and E-SFb, an
ellect 1n which the nipple 1s oflset may occur. Thus, a flicker
due to the parasitic capacitance Cb may be removed. As a
result, display quality of the display panel 100 may be

relatively improved 1n the second driving mode LM.
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When the ripple generated at the potential of the second
clectrode CE 1s oflset 1n a temporal averaging scheme in the
first driving mode NM, a ripple generated at the potential of
the second electrode CE may also be offset in the temporal
averaging scheme 1n the second driving mode LM. In other
words, when the scan driver 100C2 1s activated during the
active interval Pc of the even-numbered second sub-frame
E-SFEb although the first driving mode NM switches to the
second driving mode LM, the ripple generated at the poten-
t1al of the second electrode CE may be oflset by applying the
same scheme as the first driving mode NM.

Thus, although the operating frequency of the display
panel 100 changes, the ripple generated at the potential of
the second electrode CE may be oiflset 1n the same scheme.
As a result, a flicker due to parasitic capacitance Cb may be
removed 1n the second driving mode LM and display quality
of the display panel 100 may be relatively improved.

According to some embodiments of the present disclo-
sure, unlike a first charge cancellation scheme and a tem-
poral averaging scheme, which remove the ripple on the
basis of two first driving frames in the first driving mode, a
scheme (1.e., a second charge cancellation scheme) capable
of removing a ripple 1n one write frame in the second driving
mode may be adopted. Thus, although the operating fre-
quency of the display panel may be relatively low 1n the
second driving mode, a ripple offset scheme may be changed
and applied to the input sensor, thus stably removing a
flicker phenomenon due to the uplink signal 1n the second
driving mode. As a result, display quality may be relatively
improved.

While the present disclosure has been described with
reference to some embodiments thereof, 1t will be apparent
to those of ordinary skill 1n the art that various changes and
modifications may be made thereto without departing from
the spirit and scope of the present disclosure as set forth in
the following claims. Accordingly, the technical scope of the
present disclosure should not be limited to the contents
described 1n the detailed description of the specification, but
should be defined by the appended claims, and their equiva-
lents.

What 1s claimed 1s:

1. An electronic device, comprising:

a display panel configured to display images;

an iput sensor on the display panel and configured to

operate 1n a first mode to detect a first input by an mnput

device or a second mode to detect a second input
different from the first input;

a panel driver configured to drive the display panel at
a first operating frequency 1n a first driving mode and
to drive the display panel at a second operating
frequency lower than the first operating frequency 1n
a second driving mode; and

a sensor controller configured to control driving of the
input sensor,

wherein the display panel 1s configured to display the
images 1n units of first driving frames in the first
driving mode and displays the images in units of
second driving frames in the second driving mode,
and

wherein the sensor controller 1s configured to transmit
a first mode uplink signal for synchronization with
the input device to the mput sensor in a first scheme
in the first driving mode and to transmit a second
mode uplink signal for synchronization with the
input device to the mput sensor 1n a second scheme
different from the first scheme in the second driving
mode,
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wherein the second driving frames include a write
frame and a holding frame, and
wherein the sensor controller 1s configured to divide a
sensing area into a third area and a fourth area during
the write frame, to apply a third uplink signal to the
third area, and to apply a fourth uplink signal having
a reverse phase with the third uplink signal to the
fourth area,
the sensor controller i1s configured to apply a fifth
uplink signal to an entire sensing area during the
holding frame.

2. The electronic device of claam 1, wherein the input
sensor 1ncludes the sensing area and a non-sensing area
adjacent to the sensing area, and

wherein the sensor controller 1s configured to divide the

sensing area into a first area and a second area during
an even-numbered first dniving frame among the first
driving frames, to apply a first uplink signal to the first
area, to apply a second uplink signal having a reverse
phase with the first uplink signal to the second area, to
apply the second uplink signal to the first area during an
odd-numbered first driving frame among the first driv-
ing frames, and to apply the first uplink signal to the
second area.

3. The electronic device of claim 2, wherein the first area
and the second area differ 1n area from each other.

4. The electronic device of claim 2, wherein an intensity
of the first uplink signal and an intensity of the second uplink
signal are different from each other.

5. The electronic device of claim 2, wherein the third area
and the fourth area are a same size.

6. The electronic device of claim 5, wherein the first
uplink signal has a same 1n intensity as the second uplink
signal.

7. The electronic device of claim 2, wherein the panel
driver includes:

a data driver configured to output data signals to the

display panel; and

a scan driver configured to output scan signals to the

display panel,

wherein the write frame 1s a frame where the data driver

1s configured to apply valid data signals to the display
panel, and

wherein the holding frame 1s a frame where the data driver

1s configured to apply bias data signals to the display
panel.

8. The electronic device of claim 1, wherein the input
sensor includes the sensing area and a non-sensing area
adjacent to the sensing area, and

wherein the sensor controller 1s configured to apply a first

uplink signal having a positive phase to the sensing
area during an odd-numbered first driving frame among
the first dniving frames and to apply a second uplink
signal having a negative phase to the sensing area
during an even-numbered first driving frame among the
first driving {rames.

9. The electronic device of claim 8, wherein the third area
and the fourth area have a same size.

10. The electronic device of claim 9, wherein the first
uplink signal has a same intensity as the second uplink
signal.

11. An electronic device, comprising:

a display panel configured to display 1images;

an 1mput sensor on the display panel and configured to

operate 1n a first mode to detect a first input by an 1input
device or a second mode to detect a second input
different from the first input;
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a panel driver configured to drive the display panel at a
first operating frequency 1n a first driving mode and to
drive the display panel at a second operating frequency
lower than the first operating frequency in a second
driving mode; and

a sensor controller configured to control driving of the
input sensor,

wherein the display panel 1s configured to display the
images 1n units of first driving frames 1n the first driving
mode and to display the images in units of second
driving {frames in the second driving mode,

wherein the second driving frames 1include k write frames
and 7 holding frames, and

wherein the k 1s an even number of 2 or more and the 7 1s
a natural number,

the sensor controller 1s configured to apply an uplink
signal having a positive phase during a first write frame
among the k write frames and to apply an uplink signal
having a negative phase during a second write frame
among the k write frames.

12. The electronic device of claim 11, wherein the 7 1s a

number greater than the k.

13. The electronic device of claim 11, wherein the panel
driver includes:

a data drniver configured to output data signals to the

display panel; and

a scan driver configured to output scan signals to the
display panel,

wherein each of the k write frames 1s a frame where the
data driver 1s configured to apply valid data signals to
the display panel, and

wherein each of the 1 holding frames 1s a frame where the
data driver 1s configured to apply bias data signals to
the display panel.

14. The electronic device of claim 13, wherein the scan
driver 1s configured to be activated during the k write frames
and 1s configured to be deactivated during the j holding
frames.

15. The electronic device of claim 11, wherein the input
sensor includes a sensing area and a non-sensing area
adjacent to the sensing area, and

wherein the sensor controller 1s configured to divide the
sensing area into a first area and a second area during
the first write frame among the k write frames, to apply
a first uplink signal to the first area, to apply a second
uplink signal having a reverse phase with the first
uplink signal to the second area, and to apply the
second uplink signal to the first area during the second
write frame among the k write frames and applies the
first uplink signal to the second area.

16. The electronic device of claim 15, wherein the first

area and the second area differ 1n size from each other.

17. The electronic device of claim 11, wherein the input
sensor includes a sensing area and a non-sensing area
adjacent to the sensing area, and

wherein the sensor controller 1s configured to apply the
uplink signal having the positive phase to the sensing
arca during the first write frame among the k write
frames and to apply the uplink signal having the
negative phase to the sensing area during the second
write frame among the k write frames.

18. An electronic device, comprising:

a display panel configured to display images at a first
operating frequency 1n a first driving mode and to
display the images at a second operating frequency
lower than the first operating frequency 1n a second
driving mode;
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an mput sensor on the display panel and configured to
operate 1n a first mode to detect a first input by an 1mnput
device or a second mode to detect a second input

different from the first input;

a data driver configured to output data signals to the
display panel;

a scan driver configured to output scan signals to the
display panel; and

a sensor controller configured to control driving of the
input sensor and to transmit an uplink signal for syn-
chronization with the mmput device during an uplink
interval,

wherein the display panel 1s configured to display the
images 1n units of a first driving frame in the first
driving mode and to display the images 1n units of a
second drniving frame in the second driving mode,

wherein the second driving frame includes a write frame
and j holding frames, the 7 1s a natural number, and

cach of the 7 holding frames includes an active interval
where the scan driver 1s activated and an 1nactive
interval where the scan driver 1s deactivated,

wherein the mput sensor includes a sensing area and a
non-sensing area adjacent to the sensing area, and

wherein the sensor controller 1s configured to divide the
sensing area into a first area and a second area during

36

an odd-numbered holding frame among the ; holding
frames, to apply a first uplink signal to the first area, to
apply a second uplink signal having a reverse phase
with the first uplink signal to the second area, and to
apply the second uplink signal to the first area during an
even-numbered holding frame among the 7 holding
frames and applies the first uplink signal to the second
area.

19. The electronic device of claim 18, wherein the write

10 frame 1s a frame where the data driver applies valid data

15

20

signals to the display panel, and

wherein each of the 1 holding frames 1s a frame where the
data driver applies bias data signals to the display
panel.

20. The electronic device of claim 19, wherein the active

interval 1s overlapped with an uplink interval where t

1C

uplink signal 1s transmitted to the put sensor, and ft.

1C

inactive interval 1s not overlapped with the uplink interval.
21. The electronic device of claim 18, wherein the first

area and the second area differ in size tfrom each other.

22. The electronic device of claim 18, wherein the odd-
numbered holding frame or the even-numbered holding
frame among the 7 holding frames includes the active

interval and the inactive interval.
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